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I '  
-- 
NOTATION 
The s t a t i c - s t a b i l i t y  c o e f f i c i e n t s  presented i n  t h i s  r epor t  were r e fe r ­
enced t o  the  systems of axes shown i n  f igu re  1. The longi tudina l  forces  and 
moments were r e fe r r ed  t o  the  s t ab i l i t y -axes  system, and t h e  lateral forces  and 
moments were r e fe r r ed  t o  the body-axes system. The o r i g i n  of  t he  axes systems 
w a s  on the  model cen te r l ine  a t  the  longi tudina l  s t a t i o n  of  t h e  25% of  t h e  
reference chord. The v e r t i c a l  l oca t ion  of the  axes o r i g i n  w a s  a r b i t r a r i l y  
chosen i n  t h e  f ab r i ca t ion  reference plane ( w a t e r  p lane 00.0) of t h e  model. 
A l l  aerodynamic c o e f f i c i e n t s  w e r e  based on the  full-wing planform area, 
wing t ips  undeflected,  and t h e  corresponding span and mean aerodynamic chord. 
The i n t e r n a t i o n a l  system of  u n i t s  ( S I )  is  used i n  t h i s  repor t .  However, 
dimensional q u a n t i t i e s  a r e  a l s o  ind ica ted  pa ren the t i ca l ly  i n  U.S. customary 
u n i t s ,  which are commonly used i n  engineering p r a c t i c e s  i n  the  a i r c r a f t  indus­
t r y  of t he  United S t a t e s .  Measurements were made i n  U.S. customary u n i t s  and 




AC i n l e t  capture  a rea ,  18.46 cm2 (2 .86  i n . 2 )  
A 0  a r ea  of free-stream tube a c t u a l l y  en te r ing  i n l e t ,  cm2 ( i n . 2 )  
- mass-flow ra t io  based on i n l e t  capture  area 
AC 
b reference span, 96.01 cm (37 .80  i n . )  
l i f t  
CL l i f t  c o e f f i c i e n t ,  ­
qms 
cD drag c o e f f i c i e n t  , 
drag 
qoos 
C base-drag c o e f f i c i e n t ,  
base drag 
D~~~~ q m s  
CDINT 
duc t  i n t e r n a l  drag c o e f f i c i e n t  
Cm pitching-moment c o e f f i c i e n t ,  
p i t ch ing  moment 
qmsE 
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yawing-moment c o e f f i c i e n t ,  yawing moment 
qmSb 

s i d e  forceside-force c o e f f i c i e n t ,  
qms 
reference chord, 71.81 cm (28.27 i n . )  
duct  nozzle-cal ibrat ion f a c t o r  
P 
total-head c a l i b r a t i o n  constant  -t e  
P t l  
nominal boundary-layer-trip p a r t i c l e  s i z e ,  cm ( i n . )  
Mach number 
t o t a l  p ressure ,  N/m2 ( p s f )  
dynamic pressure  , N/m2 ( p s f )  
u n i t  Reynolds number, per  m (per  f t )  
reference area, 0.52685 m2 (5.668 f t 2 )  
angle of a t t a c k ,  deg 
angle of s i d e s  l i p  , deg 
angle of con t ro l  sur face  de f l ec t ion  ( p o s i t i v e  f o r  p o s i t i v e  force  on 
the  su r face )  deg 
model and balance r o l l  angle ( r e l a t i v e  t o  normal i n s t a l l a t i o n  or  
o r i en ta t ion ;  p o s i t i v e  clockwise, looking upstream) deg 
I n  addi t ion ,  the  following symbols a r e  used i n  appendix C i n  t h e  develop­
ment of t he  i n t e r n a l  flow r e l a t i o n s .  
A flow area, (f t2) 
acce le ra t ion  due t o  grav i ty ,  32.174 f t / s ec2  
P s t a t i c  pressure ,  psf  
R gas constant ,  53.35 ft-lbf/OR-lb 
T s t a t i c  temperature , O R  
T t  t o t a l  temperature, OR 
v ve loc i ty ,  f t / s ec  
i v  
-.-.--.--.-..-.--... I,.. I I I .m .I. .-11. I I. I 111111..=-.11. 11111IIII.III I 1 1 1  I 11111 .II, 
W gravimetr ic  rate of  a i r f low,  Lb/sec 
Y r a t i o  of  s p e c i f i c  hea t s ,  1 . 4  
e angular  i n c l i n a t i o n  of  t he  duct  a x i s  r e l a t i v e  t o  t h e  f r e e  s t r e a m ,  deg 
P s p e c i f i c  weight of a i r  (dens i ty)  , l b / f t 3  
Subscr ipts :  
C canard 
e elevon (used t o  designate  de f l ec t ion  angle)  
e duct-exi t  s t a t i o n  (used t o  designate  duct  flow p rope r t i e s )  
i conf igura t ion  component index (used t o  des igna te  s p e c i f i e d  component 
va r i a t ions )  
i duc t - in l e t  s t a t i o n  (used i n  development of i n t e r n a l  flow r e l a t i o n s )  
L left-hand s i d e  
R right-hand s i d e  
r rudder 
Y wing t i p  
00 free-stream condi t ion 
0 duct  free-stream s t a t i o n  (used t o  des igna te  duc t  flow p rope r t i e s )  
1 duct  s t a t i o n  upstream of  t h e  metering nozzle r e s t r i c t i o n  
2 duct  s t a t i o n  a t  t h e  metering nozzle r e s t r i c t i o n  
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WIND-TUNNEL/FLIGHT CORRELATION STUDY OF AERODYNAMIC CHARACTERISTICS OF A 
LARGE FLEXIBLE SUPERSONIC CRUISE AIRPLANE (XB-70-1) 
I - WIND-TUNNEL TESTS OF A 0.03-SCALE MODEL AT MACH NUMBERS FROM 0.6 TO 2.53 
J a m e s  C. Daugherty 
Ames Research Center 
SUMMARY 
Wind-tunnel s t u d i e s  were made t o  determine the  longi tudina l  and l a t e r a l  
forces  and moments f o r  a 0.03-scale deformed-rigid, s t a t i c - f o r c e  model of  t he  
XB-70-1 a i rp lane .  The model ex te rna l  shape w a s  designed and f ab r i ca t ed  t o  
represent  the  a i rp l ane  a t  s p e c i f i c  speed-power-stabilized condi t ions corre­
sponding t o  f l i g h t  t e s t  a t  a Mach number of 2.53. Wind-tunnel Mach numbers 
ranged from 0.6 t o  2.53 a t  a u n i t  Reynolds number of 13.12x106/m (4x106/ f t ) .  
Control e f f ec t iveness  w a s  determined f o r  t he  elevon i n  p i t c h  and r o l l ,  f o r  t h e  
canard, and f o r  the  rudders. Component e f f e c t s  of the  canard, de f l ec t ed  wing 
t i p s ,  var iable-posi t ion canopy, bypass doors,  and bleed-dump f a i r i n g  were mea­
sured. D a t a  were obtained t o  assess the  e f f e c t s  of small  va r i a t ions  i n  i n l e t  
mass-flow r a t i o  and small amounts of  asymmetric de f l ec t ion  of  t he  wing t i p s .  
To p e r m i t  t he  experimental determination o f  tu rbulen t  drag l e v e l s ,  s t u d i e s  
w e r e  made using boundary-layer t r a n s i t i o n  s t r i p s  cons i s t ing  of var ious s i z e s  
of d i s t r i b u t e d  roughness p a r t i c l e s  t o  induce tu rbu len t  flow near  t he  lead ing  
edges of the  model surfaces .  
INTRODUCTION 
Evaluation of a i r c r a f t  performance and va l ida t ion  of p r e f l i g h t  drag pre­
d ic t ions  is  highly dependent on an accura te  assessment of engine n e t  t h r u s t .  
During the  XB-70 F l i g h t  Research Program, je t -engine n e t  t h r u s t  w a s  ca l cu la t ed  
by a "gas-generator method." Analysis of f l i g h t - t h r u s t  ca l cu la t ions  based on 
the  gas-generator method and comparisons of ground-based s t a t i c - th rus t - s t and  
measurements with ca l cu la t ions  based on t h i s  method p red ica t e  a high l e v e l  of  
confidence i n  the  ca l cu la t ion  of engine t h r u s t  ( r e f .  2 ) .  
Because of t he  unique s i z e ,  speed, and soph i s t i ca t ed  instrumentat ion 
c a p a b i l i t i e s  of the  XB-70-1 a i rp l ane  ( r e f s .  2 ,  31, and i n  view of t h e  high 
q u a l i t y  of the  engine- thrust  measurements f o r  t he  a i rp l ane ,  t he  National Aero­
nau t i c s  and Space Administration has e s t ab l i shed  a program t o  c o r r e l a t e  
f l igh t -der ived  values of l i f t - d r a g  ra t io  and longi tudina l  s t a b i l i t y  and con t ro l  
parameters with pred ic t ions  based on wind-tunnel-test r e s u l t s  and a n a l y t i c a l  
procedures. The program i s  a cooperat ive e f f o r t  of t h e  A m e s ,  Dryden F l i g h t ,  
and Langley Research Centers and, by con t r ac t ,  the a i r c r a f t  developer,  Rockwell 




Toward t h i s  goal,  A m e s  Research Center has conducted s t u d i e s  t o  determine 
the  s t a t i c - f o r c e  and moment c h a r a c t e r i s t i c s  on a 0.03-scale model of t h e  
XB-70-1; t he  study da ta  w i l l  se rve  as a base f o r  t h e  pred ic t ions  of t h e  f u l l -
scale aerodynamic c h a r a c t e r i s t i c s .  The r i g i d  model w a s  designed and f ab r i ­
ca ted  by Rockwell ( r e f .  4 )  t o  be representa t ive  of t he  s teady-s ta te  f l ex ib l e -
a i rp l ane  shape a t  the h ighes t  Mach number (2.53) f o r  which speed-power­
s t a b i l i z e d  performance f l i g h t - t e s t  da t a  were ava i l ab le .  The wind-tunnel t e s t s  
w e r e  made a t  Mach numbers from 0.6 t o  2.53 a t  a u n i t  Reynolds number of 
13.12X1O6/m (4x106/f t ) .  Angle of a t t a c k  var ied from -5’ t o  + loo .  Angle of 
s i d e s l i p  w a s  var ied from -5’ t o  +5’.  A number of configurat ions w e r e  t e s t e d  
t o  allow evaluat ion of elevon, canard, and rudder e f f ec t iveness .  The model 
w a s  constructed t o  permit the  determination of aerodynamic e f f e c t s  assoc ia ted  
with 	various component modif icat ions,  including:  
1. Removal of the  canard 
2 .  Addition of the  “shaker vane” 
3. Canopy pos i t i on  
4 .  Wing-tip de f l ec t ion  
5. Bypass-door de f l ec t ion  (no bypass a i r f low)  
6. 	 Addition of t h e  bleed-dump f a i r i n g  t o  the  lower sur face  of t h e  
propulsion system nace l le  (no i n l e t  bleed a i r f low)  
To allow determination of the  c h a r a c t e r i s t i c s  of t he  model with an a l l -
turbulen t  boundary-layer flow, s tud ie s  were made using various s i z e s  of 
distributed-roughness boundary-layer-transit ion t r i p s .  A s  an a id  i n  in t e rp re ­
t a t i o n  of these  r e s u l t s ,  visual-flow s tud ie s  were made using subliming s o l i d s  
t o  va l ida t e  t r a n s i t i o n  t o  turbulen t  flow a t  the  t r i p .  
MODEL DESCRIPTION 
A 0.03-scale s t a t i c - f o r c e  model of t h e  XB-70-1 a i rp l ane  w a s  constructed 
f o r  these  t e s t s  by North American Rockwell Corporation. The r i g i d  model w a s  
f ab r i ca t ed  t o  conform t o  the  estimated shape of t he  f l e x i b l e  a i rp l ane  f o r  a 
s p e c i f i c  speed-power-stabilized f l i g h t - t e s t  po in t  a t  a Mach number of 2.53. 
The f l i g h t - t e s t  condi t ions def in ing  t h i s  po in t  were spec i f i ed  by the  Dryden 
F l igh t  Research Center and a r e  ind ica ted  i n  appendix A. Deta i l s  of the  pro­
cedures used t o  es t imate  the  a i rp l ane  f l e x i b l e  shape a r e  contained i n  
reference 4. 
The model w a s  constructed mainly of s t e e l ,  wi th  c e r t a i n  s t r u c t u r a l l y  
n o n c r i t i c a l  f a i r i n g s  made of aluminum. Nozzles, used t o  r egu la t e  and m e t e r  
the  flow through t h e  nace l le  ducts  were made of brass .  
Sketches of  t he  model a r e  presented i n  f i g u r e  2.  Photographs of t he  
model f o r  various wind-tunnel i n s t a l l a t i o n s  a r e  presented i n  f igu re  3. Nomen­
c l a t u r e  f o r  designat ing ind iv idua l  model components and c e r t a i n  assoc ia ted  
geometrical  da t a  are given i n  appendix B. 
P r io r  t o  these  wind-tunnel t e s t s ,  d e t a i l e d  coordinate  measurements of t he  
model ex te rna l  sur faces  w e r e  made by the  NASA-Langley Research Center. 
2 
The model w a s  sting-mounted from the  r ea r .  Model forces  and moments were 
measured by means of a six-component i n t e r n a l  s t ra in-gage floating-frame bal­
ance mounted i n  t h e  nace l l e  component of the  model. Pressures  on t h e  model 
base and i n  the  balance cav i ty  and i n t e r n a l  flow ducts  w e r e  measured with a 
pressure-sampling valve-drive-transducer combination mounted i n  the  forebody 
of t he  model. Ten s t a t i c  pressure  o r i f i c e s  were loca ted  on the  top  right-hand 
wing su r face  along t h e  wing chord corresponding t o  the  spanwise loca t ion  of 
the  right-hand v e r t i c a l  t a i l .  These pressures  were a l s o  measured with t h e  
i n t e r n a l l y  mounted valve-drive-transducer.  The r e s u l t s  of these  measurements 
are not  reported he re in ;  however, some comparisons of t hese  measurements with 
f l i g h t - t e s t  r e s u l t s  are included i n  reference 5. 
TESTS AND PROCEDURES 
The tests w e r e  conducted i n  t h e  11- by 11-foot t ransonic  t es t  sec t ion  and 
i n  t h e  9- by 7-fOOt supersonic  t e s t  s ec t ion  of t he  A m e s  Unitary Plan Wind 
Tunnel f a c i l i t y .  The nominal t es t  Mach numbers i n  each f a c i l i t y  were: 
11- by 11-foot t e s t  sec t ion :  0.60, 0.75, 0.80, 0.95, 1.20, 1-40  
9- by 7 - f O O t  t e s t  sec t ion :  1.60, 2.10, 2.53 
The u n i t  Reynolds number i n  both f a c i l i t i e s  was 13.12X1O6/m (4x106/ft)  
except f o r  a s e r i e s  of runs made a t  a Mach number of 2.53 and a t  a u n i t  
Reynolds number of 6.56X106/m ( 2 x 1 0 6 / f t )  t o  a s ses s  the  combined e f f e c t s  of 
Reynolds number and model a e r o e l a s t i c i t y  . 
S t a t i c  force  and moment da t a  were obtained t o  def ine  the  aerodynamic 
c h a r a c t e r i s t i c s  of t he  various model configurat ions a t  angles of a t t ack  from 
-so t o  + loo  and a t  angles of s i d e s l i p  from -5' t o  +5O. To maximize sens i t i v ­
i t y  i n  da t a  acqu i s i t i on  and maintain s t r u c t u r a l  i n t e g r i t y  under high-load 
condi t ions,  i n t e r n a l l y  mounted force  balances of d i f f e r i n g  load c a p a b i l i t i e s  
were used f o r  t he  t e s t s  i n  each f a c i l i t y .  
Corrections t o  Data 
Stream angle- The da ta  presented here in  include cor rec t ions  t o  angle of 
a t t a c k  t o  account f o r  t e s t - sec t ion  flow angular i ty .  These cor rec t ions  were 
obtained by t e s t i n g  a complete configurat ion i n  normal and inver ted  r o l l  
o r i e n t a t i o n s  a t  each Mach number. The stream-angle cor rec t ion  w a s  then i n t e r ­
pre ted  t o  be t h a t  value t h a t  would r e s u l t  i n  i d e n t i c a l  values of z e r o - l i f t  
angle of a t t a c k  f o r  t he  model i n  -both normal and inve r t ed  o r i en ta t ions .  It w a s  
determined t h a t  operat ion o f  t he  boundary-layer removal system, opera t ing  
through the  plenum chamber on the  s l o t t e d  w a l l s  of t h e  t ransonic  t e s t  s e c t i o n ,  
had neg l ig ib l e  e f f e c t s  on the  t e s t - sec t ion  flow angular i ty  a t  Mach numbers of 












Typically,  wind tunnels  
Stream-angle cor rec t ion ,  deg 
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e x h i b i t  stream-angle v a r i a t i o n s  i n  the  model 
s i d e s l i p  plane as wel l  as i n  the  p i t c h  plane.  Extensive t e s t i n g  is required 
t o  experimentally sepa ra t e  the  e f f e c t s  of model l e f t - r i g h t  asymmetry from the  
e f f e c t s  of la teral  flow angle. In  addi t ion ,  t he  model support  systems i n  the  
Ames Unitary Plan Wind Tunnels do not  permit p i t ch ing  the  model a t  p rec i se ly  
zero s i d e s l i p .  On the  bas i s  of these  considerat ions,  no cor rec t ions  �or  
l a t e r a l  flow angle  were appl ied t o  the  da ta .  
Addit ional  cor rec t ions  have been made t o  angles of  a t t a c k  and angles of 
s i d e s l i p  t o  account f o r  e l a s t i c  de f l ec t ion  of t he  balance,  s t i n g ,  and model 
support  due t o  aerodynamic and weight-tare loadings.  
Drag corrections- The model w a s  mounted, as shown i n  f igu re  3 ( c ) ,  through 
t h e  model base.  Balance-cavity pressure w a s  determined as the  average of two 
pressure  measurements i n  the  cav i ty  - o n e  forward of the  balance and one a f t  
of  the  balance - b u t  approximately 20 cm (8 i n . )  forward of  the  model base. 
Base pressure  w a s  determined as the  average of 1 2  pressure  measurements d i s ­
t r i b u t e d  over t h e  model base.  The model base w a s  d ivided a r b i t r a r i l y  i n t o  
12 approximately equal a reas ,  and a pressure  o r i f i c e  w a s  located near t he  
cen te r  of each area .  These measurements were made f o r  each da ta  poin t .  On 
the  b a s i s  o f  these  measurements, t he  drag da ta  have been adjusted t o  corre­
spond t o  a condi t ion of free-stream s t a t i c  pressure  i n  the  balance cav i ty  and 
on the  model base.  
A s i n g l e  measurement f o r  each da ta  po in t  w a s  made t o  determine the  pres­
su re  a c t i n g  on the  base of the  no-flow bleed-dump f a i r i n g  on the  underside of 
the  nace l le .  The drag da ta ,  which include the  e f f e c t s  of the  bleed-dump 
f a i r i n g ,  have been adjusted t o  represent  free-stream s t a t i c  pressure  ac t ing  on 
the  f a i r i n g  base. 
Drag da ta  determined i n  the  supersonic tes t  sec t ion  include cor rec t ions  
t o  account f o r  buoyant e f f e c t s  (buoyancy) assumed t o  be induced by va r i a t ions  
i n  t e s t - sec t ion  longi tudina l  s t a t i c  pressure.  The buoyancy cor rec t ions  t o  










I n  the  t ransonic  t es t  sec t ion ,  t he  e f f e c t s  of  c lear- tunnel  pressure  
grad ien ts  were negl ig ib ly  small due t o  longi tudina l  placement of t he  model 
and no buoyancy cor rec t ions  w e r e  made t o  t h e  da ta .  
I n t e r n a l  drag, determined as the  lo s ses  ( i n  the  free-stream d i r e c t i o n )  
i n  momentum and pressure  forces  ( r e fe r r ed  t o  free-stream condi t ions)  f o r  t h e  
a i r  flowing through each duc t ,  w a s  subt rac ted  from t h e  measured drag. The 
i n t e r n a l  drag w a s  computed f o r  each duct  f o r  each d a t a  poin t .  Duct m a s s  flows 
were measured by means of  convergent metering nozzles located a t  the  duc t  
ex i t s .  Duct m a s s  flow w a s  modulated by using seve ra l  sets of metering nozzles 
with d i f f e r e n t  t h r o a t  areas, each of  which provided choked flow a t  the  duct 
e x i t .  
Appendix C contains  a d e t a i l e d  discussion of t h e  'procedure followed i n  
determining the  i n t e r n a l  drag and assoc ia ted  duct mass-flow r a t i o .  I n  addi­
t i o n  t o  the  internal-f low cor rec t ion  t o  drag, the  pi tching- and yawing-moment 
da t a  included cor rec t ions  t o  account f o r  asymmetric e f f e c t s ,  r e l a t i v e  t o  the  
moment reference cen te r ,  of t h e  i n t e m a l  drag ca l cu la t ed  f o r  each duct.  
A "bench-test' ' c a l i b r a t i o n  aga ins t  s tandard ASME th in-p la te  o r i f i c e s  i n  
a 20.32 cm (8-in.)  diameter p ipe  w a s  performed f o r  a l l  model nozzles.  In  
addi t ion ,  s e l ec t ed  nozzles w e r e  check-calibrated i n  t h e  supersonic t e s t  sec­
t i o n  a t  normal opera t ing  condi t ions.  The f i x t u r e s  f o r  these  in-tunnel C a l i ­
b r a t ions  cons is ted  of r e l a t i v e l y  l a rge  diameter p ipes  connected by 
a i r - t i g h t  t r a n s i t i o n  sec t ions ,  bellows, and s e a l i n g  arrangements t o  t h e  base 
region of each duct  e x i t .  Each p ipe  included a flow nozzle t h a t  had been 
bench-tested ( ca l ib ra t ed  aga ins t  t he  20.32-cm (8-in.) s tandard p ipe  o r i f i c e s ) ,  
a turbulence screen upstream of the  nozzle,  and a plug valve a t  the  pipe e x i t  
t o  modulate the  mass-flow and nozzle-pressure r a t i o s .  The r e s u l t s  of these  
nozzle c a l i b r a t i o n s  are presented i n  f igu res  4 and 5 as p l o t s  of K1, t he  
nozzle-cal ibrat ion f a c t o r  (see appendix C ) ,  versus nozzle pressure r a t i o .  
Figure 4 presents  t he  r e s u l t s  of t he  bench-test  c a l i b r a t i o n s  and f igu re  5 
presents  t he  r e s u l t s  of t he  in-tunnel ca l ib ra t ions .  
Duct-exit Mach number w a s  determined f o r  each duc t  a t  each t e s t  po in t .  
Each duct  contained a total-head rake cons i s t ing  of t h ree  tubes mounted 
approximately four  equivalent  duct diameters upstream of the  flow nozzle. A 
turbulence screen,  loca ted  approximately four  diameters upstream of t h e  rake,  
assured subsonic flow approaching t h e  nozzle. The duct total-head rake was 
ca l ib ra t ed  i n  both t es t  sec t ions  aga ins t  an area-weighted total-head rake of 
19 tubes ex te rna l ly  mounted a t  the  model base t o  measure pressures  i n  each 
duct  e x i t  ( f i g .  3 ( f ) ) .  The c a l i b r a t i o n s ,  which determined t h e  total-head C a l i ­
b r a t ion  constant  K2 ( see  appendix C ) ,  were performed f o r  each nozzle. The 
r e s u l t s  of these  c a l i b r a t i o n s  are summarized i n  f igu res  6 and 7. Figure 6 is  
a summary of values of  K2 f o r  a l l  t h e  nozzles f o r  angles  of a t t ack  from -2' 
t o  6 O  a t  a Mach number of 1.6. Figure 7 is  a summary of  values of K2 f o r  
the  N2- and N7-component nozzles f o r  angles  of a t t a c k  from - 4 O  t o  8' a t  Mach 
numbers from 0.6 t o  1.6. Duct-exit s t a t i c  pressure ,  determined a s  t h e  average 
of e i g h t  nozzle- throat  s t a t i c  pressures  measured 1.75 cm (0.7 in . )  forward of 
each duc t  e x i t ,  w a s  used together  with t h e  ca l ibra ted- rake  t o t a l  p ressure  t o  
determine duct-exi t  Mach number. 
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ModeZ/balance alignment- A misalignment, measured to  be 0 . 0 3 " ,  between 
t h e  cen te r l ine  of t he  balance cavi ty  and the  f a b r i c a t i o n  reference plane 
(designated w a t e r  p lane 00.00 by the  manufacturer ( r e f .  4 ) )  w a s  accounted f o r  
i n  reducing the  force-balance da t a  t o  body-axes aerodynamic coe f f i c i en t s .  
Balance interactions- The six-component s t ra in-gage balances w e r e  bench-
t e s t  ca l ib ra t ed  p r i o r  t o  t h e  tests. Linearized load in t e rac t ions  and s e n s i t i v ­
i t i e s  were deduced from these c a l i b r a t i o n s  and were accounted f o r  i n  reducing 
the  balance da t a  t o  forces  and moments. The e f f e c t s  of multiple-component 
loadings and nonl inear  va r i a t ions  i n  gage s e n s i t i v i t i e s  are not  included. 
S ingle  gage-check c a l i b r a t i o n s  conducted a t  the tes t  i n s t a l l a t i o n  of each bal­
ance ind ica ted  s e n s i t i v i t y  e r r o r s  of  less than l%throughout the  load ranges 
encountered during the  model tests. 
Prec is ion  of t h e  Data 
The l a rge  range i n  Mach number i n  each t e s t  f a c i l i t y  introduced l a rge  
va r i a t ions  i n  dynamic pressure  which, toge ther  with the  e f f e c t s  of varying 
angles of a t t a c k  and sideslip, r e su l t ed  i n  l a r g e  va r i a t ions  i n  the  force-
balance gage loadings.  Therefore,  a meaningful statement regarding the  prec i ­
s i o n  of t he  da t a  f o r  a l l  t he  various t e s t  condi t ions  based on c l a s s i c a l  e r r o r  
ana lys i s  is  probably not poss ib le .  Ins tead ,  it i s  suggested t h a t  a more s ig ­
n i f i c a n t  understanding of the  p rec i s ion  of t hese  da t a  can be obtained by com­
par ing  the  r e s u l t s  from repea t  runs a t  nominally i d e n t i c a l  test  conditions.  
Data presented i n  f igu res  8 through 11 provide an ind ica t ion  of the  prec is ion  
( i . e . ,  r e p e a t a b i l i t y )  of these  tes t  r e s u l t s .  
The longi tudina l  d a t a  fo r  the  bas i c  conf igura t ion  with wing t i p s  def lec ted  
65" i n  the  9- by ?-foot tes t  sec t ion  are presented i n  f igu re  8. I n  general ,  
the  prec is ion  of  these  da t a  w a s  exce l len t .  Only the  pitching-moment r e s u l t s  
f o r  high values of  lift showed any s i g n i f i c a n t  d i f fe rences  between the  various 
runs. Since only t h e  da t a  f o r  one sequence of  runs showed t h i s  d i s p a r i t y ,  t h e  
problem w a s  probably assoc ia ted  with the  opera t ion  of  t he  force balance during 
t h a t  p a r t i c u l a r  sequence of  runs. However, t h e  da t a  gave an ind ica t ion  of 
the  d i f f i c u l t i e s  involved i n  acqui r ing  a cons i s t en t  s e t  of r e s u l t s  t o  def ine  
the  aerodynamic e f f e c t s  assoc ia ted  with systematic  changes i n  component 
geometry. 
Longitudinal da t a  f o r  the  bas i c  tes t  configurat ion with wing t i p s  
def lec ted  25O i n  the  11- by 11-foot t e s t  s e c t i o n  a r e  presented i n  f igu re  9. 
Although the  o v e r a l l  r e p e a t a b i l i t y  o f  these  da t a  w a s  reasonably good, it w a s  
q u i t e  apparent t h a t  t h e  prec is ion  of t he  da t a  a t  Mach numbers of 1 . 2  and lower 
w a s  not  as good as the  da t a  f o r  Mach numbers of  1 .6  and higher  ( f i g .  8 ) .  
Longitudinal da t a  f o r  the bas i c  tes t  configurat ion with undeflected wing 
t i p s  a t  a l l  t e s t  Mach numbers i n  the  11- by 11-foot tes t  sec t ion  a r e  given i n  
f igure  10.  A t  Mach numbers of 1 . 2  and 1 . 4 ,  t he  e f f e c t  of  operat ion of the  
tunnel  auxiliary-plenum-pumping system w a s  assessed.  N o  d i sce rn ib l e  e f f e c t s  
could be a t t r i b u t e d  t o  the operat ion of  t h i s  system. However, on the  bas i s  of 
observations by the tunnel-operations crew t h a t  t he  model dynamic behavior w a s  
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b e t t e r  ( i .e . ,  l e s s  bounce), t he  remainder of the  da t a  a t  Mach numbers of  1 . 2  
and 1 . 4  w e r e  obtained with t h e  system operat ing.  
The r e s u l t s  shown i n  f i g u r e  10 ind ica ted  s m a l l ,  bu t  s i g n i f i c a n t ,  d i f f e r ­
ences with model ro l l -angle  o r i e n t a t i o n  a t  some of t h e  tes t  Mach numbers. The 
reason f o r  these  d i f f e rences  w a s  not  evident;  similar da ta  i n  f igure  8 d id  not  
i nd ica t e  such d i f fe rences .  
La tera l -d i rec t iona l  r e s u l t s  f o r  repeated s i d e s l i p  runs i n  t h e  9- by 
7-foot t e s t  s e c t i o n  are shown i n  f igu re  11. Good r e p e a t a b i l i t y  w a s  shown fo r  
these da ta .  
The following out-of-sequence c i t a t i o n s  of f igures  25(d) and f igu res  28-33 
are made t o  f a c i l i t a t e  t he  discussion without d i s rup t ing  the  l o g i c a l  grouping 
of  o t h e r  f igures .  
Although no repeated s i d e s l i p  runs were planned f o r  t he  tests i n  t h e  
11- by 11-foot t e s t  s ec t ion ,  da t a  f o r  i d e n t i c a l  runs a t  a Mach number of  1 . 2  
a r e  shown i n  f igu re  25 (d ) .  Mis in te rpre ta t ion  of the  on-line r e s u l t s  f o r  t he  
i n i t i a l  run l e d  t o  repea t ing  those da ta .  Again, t h e  p rec i s ion  of  the  da t a  was 
exce l l en t .  
I n  addi t ion ,  t he  incremental  e f f e c t s  assoc ia ted  with -1' of rudder def lec­
t i o n  were determined twice during the  s tud ie s  i n  the  9- by 7-foot t e s t  s ec t ion .  
One set  of da ta  def in ing  these  e f f e c t s  is  contained i n  f igu res  28-30; t he  
o the r  se t ,  i n  f igu res  31-33. During the  tunnel shut-down a t  the  conclusion of 
the  runs presented i n  f igu res  31 through 33, a malfunction of c e r t a i n  tunnel  
opera t ing  equipment caused a shutdown a t  high t o t a l  p ressure  and r e su l t ed  i n  
f a i l u r e  of t he  i n t e r n a l  fo rce  balance.  Since it w a s  f e l t  t h a t  the  r e s u l t s  
presented i n  f igu res  31 through 33 w e r e  inadequate t o  def ine  the e f f e c t s  of 
rudder de f l ec t ion ,  t he  rudder de f l ec t ion  da ta  were completely redone with a 
replacement force  balance. These r e s u l t s  are presented i n  f igures  28 
through 30. Comparison of the  two sets of r e s u l t s  ind ica ted  good prec is ion .  
Some d i f fe rences  i n  the  drag r e s u l t s  were not iceable  near zero l i f t  and a t  
negative values of l i f t  ( f i g s .  28 and 31) .  However, even these  d i f fe rences  
would have minimal e f f e c t  on the  pred ic t ion  of f l i g h t  c h a r a c t e r i s t i c s  because 
the  p rec i s ion  was very good a t  l i f t  coe f f i c i en t s  corresponding t o  a c t u a l  f l i g h t  
conditions ( i .e . ,  p o s i t i v e  l i f t ) .  
EXPERIMENTAL DATA AND COMMENTS 
The wind-tunnel study r e s u l t s  t h a t  se rve  as t h e  da t a  base f o r  t he  XB-70-1 
wind-tunnel-to-fl ight c o r r e l a t i o n  program a r e  presented i n  f igu res  1 2  
through 42. Unless otherwise spec i f i ed ,  t h e  r e s u l t s  were f o r  a u n i t  Reynolds 
number of 13. 1 2 X 1 O 6 / m  (4x106/f t ) .  
Boundary-Layer Trans i t i o n  
Trans i t ion  w a s  induced near  t h e  leading edges of a l l  ex te rna l  sur faces  by 
boundary-layer t r a n s i t i o n  strips of d i s t r i b u t e d  roughness p a r t i c l e s  (g l a s s  
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beads) .  To ob ta in  uniformly s i zed  p a r t i c l e s ,  commercially ava i l ab le  g l a s s  
beads w e r e  screened through s ieves  c a l i b r a t e d  i n  accordance with the  s p e c i f i ­
ca t ions  of  the  United States National Bureau of  Standards Fine Sieve Ser ies .  
The s i ev ing  screens were nested one above another;  t h e  screen with the  l a r g e s t  
mesh being on top. Thus, as the  g l a s s  beads dropped through t h e  screens they 
encountered screens with successively smaller  meshes. The beads remaining on 
a 	 a given screen were assumed t o  be  l a r g e r  than t h e  mesh of t h a t  screen and 
smal le r  than the  mesh of t h e  preceding screen. The ind ica ted  s i z e  of  t he  
screened beads, k ,  is the  average of the  two mesh s i z e s .  
The subliming-solids technique w a s  used t o  v i s u a l l y  a s ses s  t h e  e f f ec t ive ­
ness of t h e  various boundary-layer t r a n s i t i o n  s t r i p s .  For t h i s  program, the  
mater ia l  s e l ec t ed  f o r  the  subliming s o l i d  w a s  f luorene ( C ~ H I + C H ~ C ~ H ~ ) .The 
model w a s  sprayed with a mixture of fluorene and petroleum e the r .  During the  
run, sublimation of the  r e s idua l  f luorene a f t e r  evaporation of the  petroleum 
e t h e r  showed the  pos i t i on  of t r a n s i t i o n .  
The r e s u l t s  from tests with variously-sized t r a n s i t i o n - s t r i p  p a r t i c l e s  
are presented i n  f igu re  1 2 .  There w e r e  no s i g n i f i c a n t ,  o r  cons i s t en t ,  e f f e c t s  
on the  l i f t  and pitching-moment c h a r a c t e r i s t i c s  t h a t  were a t t r i b u t a b l e  t o  
p a r t i c l e  s i z e .  A s  expected, t he  t r a n s i t i o n - s t r i p  p a r t i c l e  s i z e  a f f ec t ed  
the  drag c o e f f i c i e n t  measurements. Because of t h e  d i f f i c u l t y  assoc ia ted  with 
determining small drag increments a t  l i f t i n g  condi t ions from CL versus CD 
curves,  these  r e s u l t s  have been r ep lo t t ed  i n  f igu re  1 3  as CL2 versus CD 
va r i a t ions  f o r  t he  various p a r t i c l e  s i z e s .  The da ta  of  f igu re  1 3  ind ica ted  
t h a t ,  f o r  each of  the  Mach numbers s tud ied  and f o r  any s p e c i f i c  l i f t  
coe f f i c i en t :  
1. The l a r g e s t  p a r t i c l e  s i z e  r e su l t ed  i n  t h e  h ighes t  drag coe f f i c i en t .  
2 .  The smal les t  p a r t i c l e  s i z e  r e su l t ed  i n  the  lowest drag coe f f i c i en t .  
3. A l l  t he  intermediate  p a r t i c l e  s i z e s  produced e s s e n t i a l l y  the  same 
value of drag coe f f i c i en t .  
These r e s u l t s  were cons is ten t  with t h e  discussion presented i n  r e fe r ­
ence 6. The drag v a r i a t i o n  with p a r t i c l e  s i z e  exhib i ted  t h e  "des i rab le  p l a t eau  
region" ( r e f .  6 )  assoc ia ted  with t h e  constant  measured drag c o e f f i c i e n t  f o r  t h e  
intermediate  p a r t i c l e  s i z e s .  The l i f t - d r a g  po la r s  obtained f o r  t hese  p a r t i c l e  
s i z e s ,  then represented turbulen t  flow a f t  of t he  t r a n s i t i o n  s t r ip  on a l l  model 
sur faces  with no incremental  e f f e c t s  on t h e  aerodynamic c h a r a c t e r i s t i c s  asso­
c i a t e d  with t h e  t r a n s i t i o n  s t r i p s  themselves. Furthermore, t h e  v i sua l  flow 
s tud ie s  corroborated these  drag r e s u l t s .  That is ,  t h e  s m a l l e s t  p a r t i c l e  s i z e  
did not f i x  t r a n s i t i o n  a t  the  t r a n s i t i o n  s t r i p .  In  most cases ,  t h e  v i sua l  
observation w a s  t h a t  t he  next t o  smal les t  p a r t i c l e  s i z e  was only marginally 
e f f e c t i v e  i n  causing boundary-layer t r a n s i t i o n  near t h e  s t r i p .  
S ides l ip  Ef fec t s  
F l i g h t - t e s t  measurements ind ica ted  asymmetries i n  the  s e t t i n g s  f o r  t h e  
various t r i m  and con t ro l  sur faces .  Some discussion of t h i s  problem, as 
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r e l a t e d  t o  t h e  de f l ec t ions  of  t h e  elevon segments, is  contained i n  reference 4; 
however, t he  problem a l s o  ex i s t ed  f o r  t he  s e t t i n g s  of  t h e  twin rudders and t h e  
wing t ips .  The asymmetries i n  t h e  f l i g h t  vehicle  w e r e  i nd ica t ive  of t he  d i f f i ­
c u l t y  of achieving trimmed f l i g h t  with p rec i se ly  zero s i d e s l i p .  Therefore,  
da t a  w e r e  obtained t o  a s ses s  s i d e s l i p  e f f e c t s  on l i f t  and drag c h a r a c t e r i s t i c s .  
Angle-of-attack and l i f t  and drag c o e f f i c i e n t  r e s u l t s  f r o m  s i d e s l i p  runs 
a t  a t t i t u d e s  approximating f l i g h t  condi t ions are presented i n  f igu res  1 4  
and 15. For s m a l l  va r i a t ions  i n  s i d e s l i p  angle,  only s m a l l  e f f e c t s  on aero­
dynamic parameters w e r e  noted. 
La tera l -d i rec t iona l  da t a  from s i d e s l i p  runs a t  various angles of a t t a c k  
a r e  given i n  f igu re  16. The yawing-moment curves t y p i c a l l y  exhib i ted  a change 
i n  d i r e c t i o n a l  s t a b i l i t y  a t  approximately 2 O  of  s i d e s l i p .  A s  pointed ou t  i n  
reference 7,  t h i s  s t a b i l i t y  change w a s  assoc ia ted  with t h e  presence of  t h e  
canard. Unpublished da ta  obtained from wind-tunnel tests a t  A m e s  a t  Mach num­
bers  of  0.95 t o  1 . 2  showed t h a t  t h i s  d i r e c t i o n a l  change w a s  due t o  i n t e r f e r ­
ence between the  canard and v e r t i c a l  t a i l  components. This i n t e r f e rence  w a s  
undoubtedly assoc ia ted  with t h e  ac t ion  of t h e  t i p  vo r t i ce s ,  generated by the  
canard, impinging on the  twin t a i l s .  
Configuration-Component Ef fec ts  
Shaker vane- During t h e  XB-70-1 F l i g h t  T e s t  Research Program some da ta  
w e r e  obtained with the  shaker vane i n  p lace  ( f i g .  2 ( a ) )  and some f l i g h t  t e s t s  
were done with t h e  vane removed. For t h e  f l i g h t - t e s t  po in ts  i n  t h i s  program 
(ref.  31, the  shaker vane, when present ,  was locked i n  an immovable reference 
pos i t ion .  The da ta  i n  f igu re  1 7  allow assessment of the  incremental  e f f e c t s  
on longi tudina l  aerodynamics due t o  addi t ion  of the  shaker vane. N o  e f f e c t  on 
l i f t  o r  p i t ch ing  moment w a s  ind ica ted  f o r  any of  the  t e s t  Mach numbers. For 
Mach numbers of  2 . 1  and 2.53, t h e r e  were no e f f e c t s  on drag c o e f f i c i e n t ;  f o r  
Mach numbers of  1 .6  and less, the  shaker vane increased measured drag 
coe f f i c i en t s .  
WindshieZd posit ion- The bas i c ,  o r  reference configurat ions f o r  t hese  
wind-tunnel s tud ie s  w e r e  s e l e c t e d  a r b i t r a r i l y  t o  include t h e  high-speed canopy 
( i .e . ,  windshield r a i s e d ) .  This pos i t i on  corresponded t o  t h e  "design-point" 
f l i g h t - t e s t  condi t ions f o r  which t h e  model geometry w a s  defined. However, 
por t ions  of the  f l i g h t - t e s t  program w e r e  flown with t h e  low-speed canopy ( i .e . ,  
windshield lowered). The da ta  of  f i g u r e  1 7  allow assessment of t h e  incremen­
t a l  aerodynamics e f f e c t s  assoc ia ted  with t h i s  d i f f e rence  i n  windshield posi­
t i on .  For supersonic  Mach numbers, t h e  low-speed canopy increased t h e  drag 
coe f f i c i en t .  A t  subsonic Mach numbers, including 0.95, t h e  canopy configura­
t i o n  d id  no t  a f f e c t  t he  drag or  o t h e r  longi tudina l  c h a r a c t e r i s t i c s .  
A f t - fuselage cover plate- During d e t a i l e d  design of t he  model, calcula­
t i o n s  ind ica ted  t h a t  no phys ica l  i n t e r f e rence  between t h e  fuselage base and 
s t i n g  would occur during t e s t i n g  i n  the  9- by 7-foot t e s t  s ec t ion .  For cer­
t a i n  configurat ions and tes t  condi t ions i n  the 11- by 11-foot t es t  s e c t i o n ,  
similar ca l cu la t ions  ind ica ted  t h a t  i n t e r f e rence  between the  model and s t i n g  




af t - fuse lage  cover plates w e r e  f ab r i ca t ed  f o r  t h e  model fuselage.  The bas i c  
cover p l a t e  ( low-prof i le ) ,  designated the  B1-fuselage, w a s  t e s t e d  i n  both 
f a c i l i t i e s .  The a l t e r n a t i v e  (high-profi le)  cover p l a t e ,  designated B2 (which 
provided an add i t iona l  1 .8  mm (0.07 i n . )  of s t i n g  clearance)  w a s  t e s t e d  only 
i n  the  11- by 11-foot test  sec t ion .  The da ta  ( f i g .  1 7 )  ind ica ted  t h a t  t h e  
high-profi le  cover plate,  which s l i g h t l y  decreased t h e  boa t - t a i l i ng  i n  t h e  
region between the  twin v e r t i c a l  t a i l s ,  r e s u l t e d  i n  a decrease i n  measured drag 
c o e f f i c i e n t  toge ther  with a s l i g h t  nose-up incremental  change i n  t h e  pi tching-
moment coe f f i c i en t s .  
Canard- I n  performing t h e  a e r o e l a s t i c  ana lys i s  presented i n  reference 4, 
a knowledge o f  the  aerodynamic increments assoc ia ted  with the  canard w a s  
required.  D a t a  f o r  configurat ions with and without t h e  canard and f o r  severa l  
d i f f e r e n t  wing-tip de f l ec t ions  are presented i n  f igu res  17 and 19. 
Bleed-dump f a i r i n g - To a i d  i n  developing co r rec t ions  t o  ad jus t  t he  wind-
tunnel  r e s u l t s  f o r  t he  e f f e c t s  of t he  in le t -b leed  a i r f low on ex te rna l  aerody­
namic c h a r a c t e r i s t i c s ,  a no-flow sugar-scoop-type bleed-dump-fairing w a s  
mounted on the  bottom of  the  propulsion system nace l l e  and t e s t ed ;  t hese  da t a  
a r e  presented i n  f igu re  22. A s  s t a t e d  previously,  t he  drag  da ta  had been 
ad jus ted  t o  a condi t ion of free-stream s t a t i c  pressure  a c t i n g  on the  base of 
t h e  f a i r ing .  A t  a l l  Mach numbers except 0.95, addi t ion  of the  bleed-dump­
f a i r i n g  s l i g h t l y  increased the  drag c o e f f i c i e n t  and produced a s m a l l  nose-down 
incremental change i n  p i t ch ing  moment. A t  a Mach number of  0.95 and f o r  l i f t  
c o e f f i c i e n t s  corresponding t o  f l i g h t ,  t he  measured drag c o e f f i c i e n t  w a s  lower 
with the  bleed-dump f a i r i n g  i n  p lace  than with the  f a i r i n g  removed. This 
phenomenon may be due t o  the  e f f e c t  of  i n l e t  s p i l l a g e  a i r f low on t h e  bulbous 
forward por t ion  of t he  bleed-dump f a i r i n g .  
Propulsion-system bypass doors- The e f f e c t s  on longi tudina l  charac te r i s ­
t i c s  of  various de f l ec t ions  o f  the  propulsion-system bypass doors,  which are 
loca ted  between t h e  twin v e r t i c a l  t a i l s ,  can be determined from t h e  r e s u l t s  
presented i n  f i g u r e  38. A s  wi th  the  bleed-dump component, t he  bypass doors 
w e r e  no-flow components; t h a t  is ,  no a i r  from t h e  i n t e r n a l  flow duct w a s  
ac tua l ly  dumped overboard through the  bypass doors. Because the  bypass doors 
are located between the twin v e r t i c a l  t a i l s ,  these  s t u d i e s  w e r e  done using the  
low-profile a f t  fuselage cover p l a t e  i n  both t es t  f a c i l i t i e s .  During these  
runs a t  a Mach number of 1 . 2 ,  the  wing-tip elevon segments w e r e  inadver ten t ly  
set  t o  the  "design-point" de f l ec t ions  (E5-component, see appendix B) i n s t ead  
of the  bas i c  undeflected ( E l )  s e t t i n g s .  Ins tead  of repea t ing  the  runs with 
def lec ted  bypass doors on a configurat ion with t h e  El-elevon s e t t i n g s ,  a 
reference run with t h e  Eg-elevon de f l ec t ions  and no de f l ec t ion  of t h e  bypass 
doors w a s  done. The drag r e s u l t s  i n  f igu re  38 ind ica ted  a s m a l l  bu t  f a i r l y  
cons is ten t  increase  i n  drag c o e f f i c i e n t  with increas ing  door de f l ec t ion .  A t  
a Mach number of  1 . 2 ,  t he re  w a s  a small d i f f e rence  i n  p i t ch ing  moment. For 
comparison purposes, t he  da t a  f o r  t he  low-profile cover p l a t e  and undeflected 
elevons were included i n  f igu re  38(d) .  These da t a  ind ica ted  t h a t  t he  pi tching-
moment input  of  t h e  E5-elevon s e t t i n g s  w a s  g r e a t e r  than those from any of t h e  
def lec ted  bypass doors. However, it is  reasonable t o  expect ,  f o r  t h e  f l i g h t  
vehic le ,  s i g n i f i c a n t  e f f e c t s  on ex te rna l  aerodynamics due t o  the  high-pressure, 
propulsion-duct a i r  exhausting through t h e  de f l ec t ed  bypass doors ­
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Longitudinal T r i m  and Control 
On the  XB-70-1, longi tudina l  t r i m  and cont ro l  were provided by combined 
de f l ec t ions  of t he  canard and elevons. The canard and elevons were intercon­
nected through t h e  longi tudina l  cont ro l  system so t h a t  t h e  sur face  de f l ec t ions  
were not  independent of one another.  A s  might be expected f o r  any complex 
servo-mechanical system, t h e r e  w e r e  d i f fe rences  between t h e  ac tua l  sur face  
de f l ec t ions  and t h e  de f l ec t ions  pred ic ted  by t h e  idea l i zed  l i n e a r  design-
gearing curve ( i .e . ,  6, = 20' - (20/3)6,). I n  f a c t ,  t h e r e  were s i g n i f i c a n t  
d i f fe rences  i n  ind ica ted  de f l ec t ions  f o r  t he  1 2  elevon segments. Reference 4 
provides a complete d iscuss ion  of t h i s  problem, inc luding  i t s  cause and, t o  
some degree, i t s  e f f e c t  on longi tudina l  t r i m .  I n  view o f  the  r e l a t ionsh ips  
between a i r c r a f t  f l e x i b i l i t y ,  control-surface de f l ec t ion ,  and trimmed f l i g h t ,  
it is c l e a r l y  imprac t ica l  t o  dup l i ca t e  a l l  f l i g h t - t e s t  condi t ions i n  the  wind 
tunnel .  Only da t a  t o  def ine  the  ind iv idua l  e f f e c t s  of canard and elevon 
de f l ec t ions  w e r e  obtained during t h i s  wind-tunnel program. I n  car ry ing  out  
these  t e s t s ,  a l l  deflected-elevon segments were s e t  t o  t h e  same angle. The 
predic t ions  i n  re ference  4 of f l e x i b l e - a i r c r a f t  t r i m  requirements and cont ro l  
c h a r a c t e r i s t i c s  are based l a rge ly  on t h e  r e s u l t s  of these  t e s t s .  D a t a  f o r  t he  
ind iv idua l  e f f e c t s  of de f l ec t ion  of t h e  canard and elevons were determined f o r  
wing-tip de f l ec t ions  of  O ' ,  25O, and 65'. For these  s t u d i e s ,  t h e  range of 
t e s t  Mach numbers f o r  each wing-tip de f l ec t ion  w a s  cons i s t en t  with both the  
f l i g h t - t e s t  program and t'ne requirements f o r  the  c o n t r a c t o r ' s  f l e x i b i l i t y  
ana lys i s  ( r e f .  4 ) .  
Canard- The e f f e c t s  of canard de f l ec t ions  on longi tudina l  c h a r a c t e r i s t i c s  
can be determined from t h e  da t a  presented i n  f igures  18 and 19. 
Segmented elevons- Longitudinal t r i m  and con t ro l  da t a  f o r  t he  segmented 
elevon are presented i n  f igu re  20. The configurat ions represented by these  
da t a  do not  include the  bleed-dump f a i r i n g  ( f i g .  2 ( b ) ) .  Data f o r  elevon 
de f l ec t ions  of 0' and l o o  with the  bleed-dump f a i r i n g  a r e  shown i n  f igu re  22 .  
Comparisons of t he  da t a  from f igu res  20 and 22 do not  i nd ica t e  any s i g n i f i c a n t  
i n t e r f e rence  e f f e c t s  due t o  t h e  addi t ion  of t he  no-flow bleed-dump f a i r i n g .  
Slab elevons- To b e t t e r  understand the  aerodynamics assoc ia ted  with seg­
mentation o� the elevons,  t e s t s  were made with the  segmentation gaps f i l l e d  
and covered with t r anspa ren t  tape t o  correspond t o  the  slab-elevon of  t he  
developmental model. These r e s u l t s ,  f o r  elevon de f l ec t ions  of Oo and l o o ,  
are shown i n  f i g u r e  21. Comparisons of t h e  segmented-elevon da ta  ( f i g .  20)  
with t h e  slab-elevon d a t a  ( f i g .  2 1 )  showed t h a t  s i g n i f i c a n t  d i f fe rences  
i n  longi tudina l  c h a r a c t e r i s t i c s  are assoc ia ted  with segmentation of t h e  
elevons. 
P r i o r  t o  the  p re sen t  t e s t s ,  t h e  aerodynamics of t he  segmented elevon had 
not  been s tudied  extensively.  Early terminat ion of t h e  XB-70 development pro­
gram precluded complete wind-tunnel i nves t iga t ion  and ana lys i s  of t he  aerody­
namic c h a r a c t e r i s t i c s  of  t he  segmented elevon t h a t  w a s  used on t h e  XB-70-1. 
Limited r e s u l t s  f o r  a segmented-elevon configurat ion w e r e  obtained on a devel­
opment model of t h e  XB-70 during a program conducted t o  study l a t e r a l -
d i r e c t i o n a l  con t ro l  problems t h a t  occurred during t h e  XB-70 F l i g h t  Research 
Program ( r e f .  7 ) .  Although those r e s u l t s  were ne i the r  s u b s t a n t i a l  nor 
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conclusive,  f o r  t he  i n i t i a l  phase of  t h e  work reported i n  reference 4,  t h e  
cont rac tor  modified the  extensive slab-elevon r e s u l t s  obtained during the  
development on the  b a s i s  of t h e  l imi ted  segmented-elevon da ta .  The cu r ren t  
t es t  da t a  f o r  t h e  two elevon configurat ions w e r e  used by t h e  cont rac tor  i n  the  
f i n a l  work reported i n  reference 4. 
Lateral-Direct ional  T r i m  and Control 
While analyzing t h e  f l i g h t - t e s t  r e s u l t s  f o r  reference 4,  t h e  cont rac tor  
observed t h a t  ind ica ted  values f o r  various su r face  de f l ec t ions  d id  no t  agree 
w i t h  t h e  idea l i zed ,  o r  nominal values.  I n  f a c t ,  to le rances  required f o r  r ig ­
ging and opera t ing  t h e  various f l i gh t - con t ro l  systems general ly  r e su l t ed  i n  
l e f t - r i g h t  asymmetry during f l i g h t  test .  The previously mentioned d i f fe rences  
i n  canard-elevon de f l ec t ion  values from the  nominal gear ing curve were due, i n  
p a r t ,  t o  these  mechanical d i f fe rences .  In  s tudying t h e  f l i g h t - t e s t  r e s u l t s ,  
it w a s  found t h a t  t he  l e f t - r i g h t  asymmetries of t he  elevon de f l ec t ions  were 
assoc ia ted  with asymmetric de f l ec t ions  of t h e  wing t i p s ;  t he  elevon asymmetry 
tended t o  increase  with wing-tip de f l ec t ion  and Mach number. A s  wi th  t h e  
longi tudina l  t r i m  and con t ro l  da ta ,  however, t h e  assessment of  each elevon 
segment t o  the  r o l l i n g  moment w a s  deemed imprac t ica l ,  i f  not  i nva l id ,  due t o  
the  mutual i n t e r f e rence  between the  segments. Furthermore, because rudder 
de f l ec t ion  was l imi t ed  t o  5 3 O ,  it was decided t h a t  asymmetric de f l ec t ions  of 
t he  rudders could not,produce a s i g n i f i c a n t  e f f e c t  on l i f t - d r a g  performance 
and the  de f l ec t ions  w e r e ,  t he re fo re ,  no t  t e s t e d .  
Asymmetric t i p  deflection- D a t a  f o r  asymmetric de f l ec t ions  of t h e  wing 
t ips  a r e  presented i n  f igures  23 through 25. The primary e f f e c t s  on longi­
tud ina l  c h a r a c t e r i s t i c s  w e r e  on the  pitching-moment c h a r a c t e r i s t i c s .  Because 
of  t he  a f t  pos i t i on  o f  t he  def lec ted  wing t i p s ,  small changes i n  t i p  def lec­
t i o n  which r e su l t ed  i n  small changes i n  l i f t  c o e f f i c i e n t ,  caused s i g n i f i c a n t  
changes i n  pitching-moment coe f f i c i en t .  The ro l l i ng - and yawing-moment coef­
f i c i e n t  r e s u l t s  w e r e  s i m i l a r  i n  t h a t  s m a l l  changes i n  l i f t  and s i d e  force were 
amplified by the  pos i t i on  of t he  wing t ips  r e l a t i v e  t o  the  moment-reference­
center .  To permit determination of l a t e r a l - d i r e c t i o n a l  t r i m  s e t t i n g s  (and the  
assoc ia ted  t r i m  d rag ) ,  l a t e r a l - d i r e c t i o n a l  c h a r a c t e r i s t i c s  f o r  various asym­
metr ic  de f l ec t ions  of t he  wing t i p s  a r e  presented i n  f igu re  25. 
Elevon deflection- Effec ts  of ro l l - con t ro l  de f l ec t ions  of t he  elevons 
( i .e . ,  asymmetric de f l ec t ion  of t he  l e f t - and right-hand elevon segments) a r e  
presented i n  f igu res  26 and 27. The da ta  i n  f i g u r e  26 ind ica ted  t h e  e f f e c t s  on 
longi tudina l  c h a r a c t e r i s t i c s  and the  da t a  i n  f i g u r e  27 provided information f o r  
l a t e r a l - d i r e c t i o n a l  t r i m .  Although t h i s  c o r r e l a t i o n  program w a s  no t  or ien ted  
toward s tudying the  l a t e r a l - d i r e c t i o n a l  cont ro l  problems of the  XB-70-1 con­
f igu ra t ion ,  it is  i n t e r e s t i n g  t o  note t h a t  t h e  yawing-moment c o e f f i c i e n t  
r e s u l t s  i n  f igu re  2 7  provided an ind ica t ion  of  t h e  "adverse" yaw due t o  r o l l  
con t ro l  of  t he  elevons f o r  t h e  configurat ion.  In  p a r t i c u l a r ,  r e f e r r i n g  t o  
f i g u r e  2 7 ( e ) ,  a nonl inear  va r i a t ion  of yawing-moment c o e f f i c i e n t  a t  l i f t  
conditions with de f l ec t ion  of t he  left-hand elevon w a s  apparent.  I n  f a c t ,  
t he  incremental e f f e c t  on yawing-moment c o e f f i c i e n t  due t o  changing the  
left-hand elevon from + loo  t o  +20° w a s  j u s t  t h e  opposi te  of the  e f f e c t  ind i ­
cated f o r  a change from O o  t o  + loo .  Hence, f o r  longi tudinal- t r im s e t t i n g s  
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of  the  elevons of l o o  or g rea t e r ,  t hese  rigid-model r e s u l t s  i nd ica t ed  adverse 
yaw due t o  r o l l  cont ro l .  
Rudder deflection- Effec t s  of  de f l ec t ion  of t he  twin rudders are pre­
sented i n  f igu res  28 through 33. The purpose of these  s t u d i e s  w a s  t o  provide 
da t a  on which t o  base es t imates  of the  drag p e n a l t i e s  assoc ia ted  with l a t e r a l -
d i r e c t i o n a l  t r i m .  A complete set  of r e s u l t s  f o r  rudder de f l ec t ions  of Oo, 
-lo, and -3O is  provided i n  f igu res  28 through 30. I t  should be noted t h a t  
these  da ta ,  inc luding  the  r e s u l t s  obtained i n  the  11-foot tes t  s e c t i o n ,  are 
f o r  configurat ions with t h e  low-profile cover-plate fuselage.  A s  explained 
previously,  f i gu res  31 through 33 may be considered repeat da t a  f o r  t he  Oo and 
-lorudder de f l ec t ions  i n  t h e  9- by 7-foot test  sec t ion .  
I n l e t  Sp i l l age  Ef fec t s  
For the  f l i g h t  tests during which t h e  da t a  f o r  t h i s  c o r r e l a t i o n  program 
w e r e  obtained,  the  i n l e t s  of t he  m-70-1 a i rp l ane  were operated as a fixed-
geometry, mixed-compression system. Therefore,  it w a s  unnecessary during these  
wind-tunnel i nves t iga t ions  t o  study the  e f f e c t s  of ramp geometry. Rather,  t h e  
i n l e t  mass-flow ra t io  (Ao/Ac) of both the  a i rp l ane  and model were var ied by 
back-pressuring the  duc t  downstream of the  i n l e t .  For these  s t u d i e s ,  t h e  back-
pressur ing  of t he  model ducts  w a s  accomplished by various s i z e s  of ca l ib ra t ed  
convergent flow nozzles loca ted  a t  the  duct  e x i t s .  
The Ao/Ac r e s u l t s  f o r  var ious Mach numbers and l i f t  c o e f f i c i e n t s  t h a t  
corresponded c lose ly  with t h e  se l ec t ed  speed-power-stabilized f l i g h t - t e s t  
po in t s  ( t a b l e s  1 and 3 of  r e f .  4 )  a r e  summarized i n  f igu re  34. The v a r i a t i o n  
of  mass-flow r a t i o  due t o  change i n  angle of a t t a c k  f o r  t h e  various e x i t  
nozzles i s  provided i n  f igu re  35. I t  should be expected t h a t  s m a l l  changes i n  
nozzle cont rac t ion- ra t io  would produce s m a l l  changes i n  s p i l l a g e  r e l a t i v e  t o  
the  bas i c  nozzles (N2-component) used i n  t h i s  program. This w a s  bome out  by 
the  va r i a t ions  i n  Ao/Ac shown i n  f igu res  34 and 35. The e f f e c t s  of  t hese  
small changes i n  s p i l l a g e  on the  longi tudina l  aerodynamic c h a r a c t e r i s t i c s  a r e  
shown i n  f igu re  36. Only the  drag r e s u l t s  showed any s i g n i f i c a n t  and consis­
t e n t  e f f e c t s  of  Ao/Ac va r i a t ions .  
The r e s u l t s  of base- and in te rna l -drag  c o e f f i c i e n t  measurements made with 
t h e  various nozzle components are given i n  f i g u r e  37. The i n t e m a l  drag 
r e s u l t s  w e r e  very cons is ten t .  This w a s  not t h e  case wi th  t h e  base-drag coe f f i ­
c i e n t s  which showed considerable  s c a t t e r - l i k e  va r i a t ion ,  e spec ia l ly  a t  t he  sub­
sonic  Mach numbers. The va r i a t ions  i n  base-drag c o e f f i c i e n t  ind ica ted  t h e  
d i f f i c u l t i e s  i n  obta in ing  repea tab le  drag r e s u l t s  a t  high subsonic Mach 
numbers. 
M i s  ce1laneous Effec ts  
Presented i n  f i g u r e  39 are longi tudina l  c h a r a c t e r i s t i c s  a t  a Mach number 
of  2.53 f o r  conf igura t ions  with t w o  d i f f e r e n t  elevon de f l ec t ions  a t  t w o  values 
of u n i t  Reynolds number - 13.12x106/m (4x106/ft)  and 6.56X1O6/m (2x106/f t ) .  
The v a r i a t i o n  i n  Reynolds number w a s  accomplished by changing the wind-tunnel 
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dynamic pressure  and temperature. However, t h e  temperature changes i n  t h e  
9- by 7-foot t es t  s e c t i o n  are secondary compared t o  the  pressure  changes. For 
these  t es t  condi t ions,  no e f f e c t s  a r i s i n g  from bending o f  t he  elevon mounting 
bracke ts  w e r e  apparent from t h e  data .  There w a s  a cons i s t en t  d i f f e rence  i n  t h e  
pitching-moment r e s u l t s  f o r  t h e  t w o  Reynolds numbers f o r  each configurat ion.  
Whether t h i s  increment i s  a t r u e  e f f e c t  o f  Reynolds number, an e f f e c t  a r i s i n g  
from model f l e x i b i l i t y  (although t h i s  model w a s  very s t i f f ) ,  o r  a r e s u l t  from 
t h e  c a l i b r a t i o n  o f  t he  i n t e r n a l  force-and-moment balance (such as inadequate 
d e f i n i t i o n  of  multiple-load i n t e r a c t i o n s )  is not  known. 
D a t a  f o r  a wing-tip de f l ec t ion  of  6 5 O  a t  Mach numbers of 1 . 4  and 1 . 2  a r e  
shown i n  f igu re  40. These r e s u l t s  w e r e  determined a t  t h e  request  of  t h e  con­
t r a c t o r  f o r  the  work reported i n  reference 4. 
Figure 4 1  p re sen t s  da ta  f o r  a Mach number of 2.53 f o r  a systematic  "con­
f igu ra t ion  buildup" from t h e  bas i c  o r  reference condiguration t o  a configura­
t i o n  with sur face  de f l ec t ions  corresponding t o  t h e  "design poin t"  f l i g h t - t e s t  
condi t ions.  These r e s u l t s  ind ica ted  a trimmed l i f t  c o e f f i c i e n t  of  0.083 f o r  a 
moment-reference po in t  (about 0.217 t o  0.218c) corresponding t o  t h e  f l i g h t -
t es t  center-of-gravity loca t ion .  The trimmed l i f t  c o e f f i c i e n t  a t  t h e  f l i g h t -
t es t  "design poin t"  (tables 1 and 3 of r e f .  4 )  w a s  about 0.100. It is empha­
s i zed  t h a t  a number o f  unaccounted-for items (such as bleed and bypass a i r f lows  
and excressence e f f e c t s )  could a f f e c t  t h e  t r i m  es t imate  determined from these  
t e s t  r e s u l t s  with t h e  ind ica ted  method. 
CONCLUDING REMARKS 
A 0.03-scale model of t h e  XB-70-1 a i rp l ane  w a s  constructed t o  determine 
s t a t i c - f o r c e  and moment c h a r a c t e r i s t i c s  f o r  a wind-tunnel-to-flight cor re la ­
t i on .  Extreme care w a s  exercised during t h e  design, f ab r i ca t ion ,  and t e s t i n g  
of  t he  model t o  assure  t h a t  t he  wind-tunnel t es t  r e s u l t s  would provide a 
reliable base f o r  t h e  co r re l a t ion .  Examination of t he  t e s t  r e s u l t s  ind ica ted  
t h a t  t h e  da t a  are of very 'h igh  q u a l i t y  and p rec i s ion ,  and, t he re fo re ,  should 
s a t i s f y  t h i s  ob jec t ive .  Additional ana lys i s  of t hese  wind-tunnel tes t  
r e s u l t s ,  inc luding  i n t e r p r e t a t i o n  and ex t rapola t ion  t o  f l i g h t - t e s t  condi t ions ,  
is provided i n  reference 8. A comparison o f  t h e  wind-tunnel-based predic­
t i o n s  with f l i g h t - t e s t  derived values of  aerodynamic parameters is  presented 
i n  reference 9. 
A m e s  Research Center 
National Aeronautics and Space Administration 




XB-70-1 FLIGHT-TEST CONDITIONS FOR DEFINING THE EXTERNAL 
SHAPE OF THE WIND-TUNNEL MODEL 
The following values w e r e  spec i f i ed  by t h e  Dryden F l i g h t  Research Center 
and c o n s t i t u t e  t he  model "design-point" condi t ions : 
Mach number 
Al t i t ude ,  m ( f t )  
Mass, kg (lb) -
Center-of-gravity loca t ion ,  percent  c 

M a s s  d i s t r i b u t i o n  

Wing-tip de f l ec t ion  (nominal),  deg 

Elevon de f l ec t ion  (nominal),  deg 

Canard d e f l e c t i o n ,  deg 

Normal load f a c t o r ,  g ' s  

Nos e- ramp (windshield) pos i t i on  







Compatible with f u e l  
loading f o r  spec i f i ed  
m a s s  and center-of­
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APPENDIX B 
MODEL NOMENCLATURE AND GEOMETRIC DATA 
W1, Wing 
Fabricated t o  aeroelastic shape est imated for "design-point" f l i g h t - t e s t  
condi t ions.  
A r e a  ( r e f . ) ,  inc ludes  2076.6 c m 2  (321.71 i n . 2 )  
covered by fuselage b u t  no t  2 8 . 1  c m 2  (4.35 in .2 )  
of t h e  wing-ramp area, cm2 ( i n .2 )  . . . . . . . . . .  5265.8 (816.19) 
Span ( r e f . ,  c l ipped  t i p s ) ,  c m  ( i n . )  . . . . . . . . . . .  96.01 (37.80) 
Aspect r a t i o .  . . . . . . . . . . . . . . . . . . . . . . . . . .  1.751 
T a p e r r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.019 
Chords 
Root (wing s t a t i o n  0 ) ,  c m  ( i n . )  . . . . . . . . . . . .  107.68 (42.39) 
Tip (wing s t a t i o n  48.01 c m  (18.90 i n . )  ) . c m  ( i n . )  . . . .  2.00 (0.78) 
Mean aerodynamic chord ( r e f . ) ,  c m  ( i n . )  . . . . . . . .  71.81 (28.27) 
Sweepback angle ,  deg: 
Leading edge . . . . . . . . . . . . . . . . . . . . . . . . .  65.57 
T r a i l i n g e d g e  . . . . . . . . . . . . . . . . . . . . . . . . .  
Folding wing t i p  (da t a  f o r  one t i p  o n l y ) :  
A r e a ,  cm2 ( i n .2 )  . . . . . . . . . . . . . . . . . . .  435.5 (67.51) 
Nominal downward de f l ec t ions ,  deg . . . . . . . . . . . . . .  0,25,65 
A i r f o i l  s ec t ion  . . . . . . . . . . . . . . . . . . .  Modified 0.30-0.70 
hexagon 
Thickness r a t i o  
Root-to-wing-station 14.17 c m  (5.58 i n . )  . . . . . . . . .  0.0195 
Wing s t a t i o n  35.05 cm (13.80 i n . )  t o  t i p  . . . . . . . . .  0.025 
E l ,  Elevon (da ta  f o r  one s ide  only)  
Elevon cons i s t s  of s i x  separa te  segments loca ted  on the  wing t r a i l i n g  
edge extending from 34.1 t o  73.0% b/2 ( inc luding  a i r  gaps) .  A l l  segments have 
a constant  chord length  o f  8.84 cm (3.48 i n . ) .  
Segment 1 Segment 2 Segment 3 Segment 4 Segment 5 Segment 6 
A r e a  (nominal, 27.9 27.9 27.9 26.0 32.7 20.4 
including a i r  (4.33) (4.33) (4.33) (4.03) (5.07) (3.16) 
gap) ,  c m 2  ( i n . 2 )  
Span (measured a t  3.16 3.16 3.16 2.94 3.70 2.31 
hinge l i n e ) ,  (1.24) (1.24) (1.24) (1.16) (1.46) (0.91) 
c m  ( i n . )  
Location a t  inboard 34.2 40.8 47.5 54.1 60.4 68.2 





E ? ,  Elevon 
Same as E1 except elevon segments outboard of  t i p - fo ld  hinge (seg­
ments 5 and 6)  are s e t  to zero de f l ec t ion .  
E3,  Elevon 
Same as E2 except a i r  gaps between segments 1, 2 ,  3, and 4 ,  and between 
segments 5 and 6 are f i l l e d  and taped t o  represent  t he  elevon configurat ion 
used during B-70 development wind-tunnel tests. 
Eg,  Elevon 
Same as E1 except each elevon segment is set  t o  "design-point" def lec­
t i o n  ( spec i f i ed  by Dryden F l i g h t  Research Cen te r ) ,  as follows: 
Left-hand wing 
Right-hand wing 
Segment 1 Segment2  Segment 3 Segment 4 Segment 5 Segment 6 
3.5O 4 . 2 O  4.9O 4 . 2 O  1.3O 2 . 2 O  
0.9O 2.0° 2 . 2 O  2.6O 1.5O l . o o  
E g ,  Elevon 
Same a s  E 1  except elevon segments outboard of t i p - fo ld  hinge (seg­
ments 5 and 6) a r e  s e t  t o  "design-point" de f l ec t ions .  (Configuration used 
only t o  assess e f f e c t s  of bypass-door de f l ec t ions  i n  t ransonic  tes t  sec t ion . )  
Bl, Body 
Fabricated t o  a e r o e l a s t i c  shape estimated f o r  "design-point" f l i g h t - t e s t  
condi t ions.  Includes forebody, propulsion system nace l l e  ( including i n l e t s  
and i n t e r n a l  duct ing forward of duct  flow nozzles)  and bas i c  (low p r o f i l e )  
upper cover p l a t e  a t  model base. Does not  include canopy, duct flow nozzles ,  
bleed dump under nace l l e ,  o r  def lec ted  bypass doors. 
Forebody : 
Length, cm ( i n . )  . . . . . . . . . . . . . . . . . . . . .  161.47 (63.57) 
Maximumwidth, cm ( i n . )  . . . . . . . . . . . . . . . . .  7.59 (2.99) 
Maximum depth, cm ( i n . )  . . . . . . . . . . . . . . . . .  7.62 (3.00) 
Maximum cross-sec t iona l  a rea ,  cm2 ( i n .  2 ,  . . . . . . . . .  44.97 (6.97) 
Fineness r a t i o  (equiva len t )  . . . . . . . . . . . . . . .  21.43 
Propulsion system nace l le :  
Length, cm ( i n . )  . . . . . . . . . . . . .  .. . . . . . . .  95.87 (37.74) 
Maximumwidth, c m  ( i n . )  . . . . . . . . . . . . . . . . .  27.48 (10.82) 
Maximum depth, c m  ( i n . )  . . . . . . . . . . . . . . . . .  6.90 (2 .72)  
Maximum cross-sec t iona l  area, cm2 ( i n .  2 ,  . . . . . . . . .  180.52 (27.98) 
Fineness r a t i o  (equivalent)  . . . . . . . . . . . . . . .  6.32 
I n l e t s  and i n t e r n a l  ducting: 
Consist  of  twin , two-dimensional, vertical-ramp , mixed compression and 
fixed-geometry i n l e t s .  The v e r t i c a l  r a m p  cons i s t s  of t h ree  ex te rna l  
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ramps having f ixed  ramp angles of 7O, 1 2 O ,  and 16O, respec t ive ly .  In t e r ­
n a l  ramp angle  is  5.5'. The duct downstream o f  t h e  cowl l i p  has a diver­
gence angle of  1.5O. Each duct  has an i n l e t  area of  18.46 cm2 (2.86 i n . 2 )  
and a capture-area a t  zero angles of a t t a c k  and s i d e s l i p  of  32.52 cm2 
(5.04 i n . 2 ) .  I n  each duct,  a 79%poros i ty  flow screen i s  i n s t a l l e d  i n  
the  maximum flow area (29.55 cm2 (4.58 i n . 2 ) )  po r t ion  of t he  duct  a t  a 
po in t  24.07 cm (9.48 i n . )  upstream of  the  duc t  flow nozzle. 
B7, Body 
Same as B1 except fuselage upper cover p l a t e  r a i sed  0.18 c m  (0.07 i n . )  
over a width of 8.1 cm (3.2 i n . )  a t  model base t o  provide s t i n g  clearance a t  
high-load tes t  condi t ions.  Modification t o  cover p l a t e  extends upstream of 
model base approximately 3 cm (1.25 i n . ) .  
K l ,  Canopy 
High-speed canopy, s imulat ing windshield r a i sed  configurat ion;  bas i c  l i n e s  
included i n  B1 forebody. 
K7, Canopy 
Low-speed canopy, s imulat ing windshield lowered configurat ion.  
Nl, Duct flow nozzles-
Consist  of one convergent flow nozzle pe r  duc t  loca ted  so t h a t  nozzle 
t h r o a t  is a t  model base.  In  each duc t ,  the  maximum flow area  (29.55 c m 2  
(4.58 i n . 2 ) )  por t ion  of t he  duct forms the  upstream a r e a  (AI) f o r  t he  flow 
nozzle.  The nozzle t h r o a t  a rea  ( A 2 )  is the  duct-exi t  a rea ;  A e x i t  = 21.23 cm2 
(3.29 i n . 2 ) .  
N2, Duct flow-nozzles~-
Same as N1 except A e x i t  = 20.30 cm2 (3.15 i n . 2 )  
NQ,, Duct flow--nozzles~ 
Same as N1 except Aex i t  = 19.38 cm2 (3.00 i n . 2 )  
NI,.Duct flow nozzles 
Same as N1 except AeXit = 18.46 cm2 (2.86 i n . 2 )  
Ng, Duct flow nozz les  
Same as N1 except AeXit = 17.54 cm2 ( 2 . 7 2  i n . 2 )  
NF;, Duct flow n o z z l e s  
Same as N1 except Aexi t  = 16.61 c m 2  (2.58 i n . 2 )  
18  
N7. Duct f l o w  nozzles 
Same as N1 except  Aexit = 15.69 cm2 (2.43 i n . 2 ) .  
C l .  Canard 
Fabricated t o  aeroelastic shape estimated for "design-point" f l i g h t - t e s t  
condi t ions . 
A r e a .  includes 127.74 c m 2  (19.80 in .2)  
covered by fuselage.  c m 2  ( i n .2 )  . . . . . . . . . . . .  347.43 (53.85) 
Span. c m  ( i n . )  . . . . . . . . . . . . . . . . . . . . . .  26.34 (10.37) 
Aspec t r a t io  . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.997 
T a p e r r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.388 
Chords : 
R o o t  (canard s t a t i o n  0 ) .  c m  ( i n . )  . . . . . . . . . . .  19.01 (7.49) 
Tip (canard s t a t i o n  13.17 c m  (5.19 i n . ) ,  c m  ( i n . )  . . .  7.37 (2.90) 
Mean aerodynamic chord. c m  ( i n . )  . . . . . . . . . . .  14.04 (5.53) 
Sweepback angle  of lead ing  edge. deg . . . . . . . . . . . . . . .  31.7 
A i r f o i l  s e c t i o n  . . . . . . . . . . . . . . . . . . .  Modified! 0.34-0.66 
hexagon 
Thickness r a t io  . . . . . . . . . . . . . . . . . . . . . . . .  0.025 
V1. V e r t i c a l  t a i l s  ( twin)  (data for  one panel  only) 
A r e a  (outboard of i n t e r s e c t i o n  of  t a i l  lead ing  
edge with fuselage upper s u r f a c e ) .  c m 2  ( i n .2 )  . . . . .  188.13 (29.16) 
Span. c m  ( i n . )  . . . . . . . . . . . . . . . . . . . . . .  13.72 (5.40) 
A s p e c t r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.000 
Taper ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.300 
Chords : 
Root ( t a i l  s t a t i o n  0 ) .  c m  ( i n . )  . . . . . . . . . . . .  21.10 (8.31) 
T i p  ( t a i l  s t a t i o n  13.72 c m  (5.40 i n . ) )  . c m  ( i n . )  . . .  6.33 (2.49) 
Mean aerodynamic chord. c m  ( i n . )  . . . . . . . . . . .  15.04 (5.92) 
Sweepback angle  of lead ing  edge. deg . . . . . . . . . . . . . . .  51.77 
A i r f o i l  s e c t i o n  . . . . . . . . . . . . . . . . . . .  Modified 0.30-0.70 
hexagon 
Thickness r a t io  
R o o t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0375 
T i p  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.025 
Rudder (ve r t i ca l  t a i l  movable po r t ion )  
A r e a .  c m 2  ( in .2)  . . . . . . . . . . . . . . . . . . .  53.03 (23.72) 
Sweepback angle  of hinge l i n e .  deg . . . . . . . . . . . . .  -44.9 
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Sl, Shaker vane (nonmovable, da t a  f o r  one s i d e  only)  
A r e a ,  exposed, cm2 ( in .2)  . . . . . . . . . . . . . . . .  1.76 (0.27) 
Span, exposed, c m  ( in . )  . . . . . . . . . . . . . . . . .  1.85 (0.73) 
Aspect ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . .  1.995 
T a p e r r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.490 
Chords : 
Root ( a t  fuse lage  su r face ,  shaker  vane s t a t i o n  01, 
c m  ( i n . )  . . . . . . . . . . . . . . . . . . . . . .  1.24 (0.49) 
Tip (shaker  vane s t a t i o n  1.91 c m  (0.75 i n . ) ) ,  c m  ( i n . ) .  0.61 (0.24) 
Mean aerodynamic chord, c m  ( i n . )  . . . . . . . . . . .  0.96 (0.38) 
Sweepback angle  of  lead ing  edge, deg . . . . . . . . . . . . .  6.7 
A i r f o i l  s ec t ion  - slab-sided hexagon; 21' ( to ta l )  
leading-edge angle and 11' ( t o t a l )  t ra i l ing-edge  angle 
Thickness r a t i o  
R O O t - . - . - - . - * . - - . . . . . . . . . . . . . . .  0.078 
T i p  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.104 
D1, Bleed-dump f a i r i n g  
Simulates "sugar-scoop" f a i r i n g ,  no a i r f low o u t  t h e  base.  
Length ( t o t a l )  a f t  of i n l e t  ramp leading  edge, c m  ( i n . )  . . . .  23.29 (9.17) 
B a s e  
A r e a ,  c m 2  ( i n .  2 ,  . . . . . . . . . . . . . . . . . . . . .  7.28 (1.13) 
Depth, c m  ( i n . )  . . . . . . . . . . . . . . . . . . . . .  1.30 (0.51) 
Width, c m  ( i n . )  . . . . . . . . . . . . . . . . . . . . .  5.75 (2.26) 
b l  , Bypass-door configurat ion 
Consis ts  of two trimmer doors,  two inboard bypass doors ,  and two outboard 
bypass doors,  each s e t  arranged i n  tandem on each s i d e  o f  t h e  wing upper sur­
face (over t h e  n a c e l l e ) .  N o  a i r f low ou t  of t h e  doors. Hinge l i n e  of forward 
and a f t  doors is 141.92 cm (55.88 i n . )  and 143.39 c m  (56.45 i n . )  a f t  o f  t h e  
fuselage nose, respec t ive ly .  Chord of  each door is  1 . 0 1  c m  (0.47 i n . )  with 
inboard hinge p o i n t  a t  body plane 2 .84  ( 1 . 1 2  i n . ) ;  span of each inboard bypass 
door i n  3.18 c m  (1.25 in . )  with inboard hinge p o i n t  a t  body plane 5.05 cm 
(1.99 i n . ) ;  span of  each outboard bypass door i s  4.14 c m  (1.63 in . )  with 
inboard hinge p o i n t  a t  body plane 9.37 c m  (3.69 i n . ) .  
Deflect ion angle ,  deg . . . . . . . . . . . . . . . . . . . . . . .  4.0 
b7, Bypass-door configurat ion 
Same as bl  except:  
Deflect ion angle,  deg . . . . . . . . . . . . . . . . . . . . . .  8.0 
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b3, Bypass. -door configurat ion 
Same as b l  except each door i s  set  t o  "design poin t"  de f l ec t ion  (speci­
f i e d  by Dryden F l i g h t  Research Center ) ,  as follows: 
Left-hand Left-hand Left-hand Right-hand Right -hand Right-hand 
o u t e r  i nne r  trimmer trimmer inner  o u t e r  . 
bypass bypass door door bypass bypass 
door door door door 
Forward doors 1.9O 1.9O 1.7" 2.5O 2.0° ' l.1° 
X e a r  doors 1 . 2 O  1.9O 2.0° 2.5O 1.6' 1.1O 
G l ,  Roughness-type boundary-layer-transit ion t r i p  
S t r i p  of roughness p a r t i c l e s  3-mm (1/8-in.) wide, located 6 mm (1/4 i n . )  
a f t  of sharp  leading  edges; 6-mm (1/4-in.) wide s t r i p  of  roughness p a r t i c l e s  
loca ted  2-1/2 cm (1 i n . )  a f t  of  nose apex. N o  roughness p a r t i c l e s  on i n l e t  
wedge o r  underside of wing apex. Nominal p a r t i c l e  dens i ty  is  20-30 p a r t i c l e s  
p e r  2-1/2 cm (1 i n . )  of 3-mm (1/8-in.) wide s t r i p .  Roughness p a r t i c l e s  a r e  
s ieved  g l a s s  beads with k = 0.39-mm (0.0152-in.) screened-part ic le  diameter. 
G 2 ,  Roughness-type boundary-layer-transit ion t r i p  
Same as G1 except k = 0.33 mm (0.0128 i n . ) .  
G 3 ,  Roughness-type boundary-layer-transit ion t r i p~~ 
Same as G I  except k = 0.27 mm (0.0108 i n . ) .  
G4, Roughness-type boundary-layer-transit ion t r i p  
Same as G1 except k = 0.23 mm (0.0090 i n . ) .  
G 5 ,  Roughness-type bow-dary-layer-transition t r i p  
Same as G1 except k = 0.19 mm (0.0076 i n .  ) . 
Gg, Roughness-type boundary-layer-transit ion t r i p  
S a m e  as G I  except k = 0.10 mm (0.0038 i n . ) .  
G 7 ,  Roughness-type boundary-layer-transit ion t r i p  
Same as G1 except s t r i p  of roughness p a r t i c l e s  is loca ted  2-1/2 c m  
(1i n . )  a f t  of sharp leading edges and roughness p a r t i c l e s  are randomly 
spr inkled  i n  the  s t r i p  with g r e a t e r  dens i ty ;  k = 0.23 mm (0.0090 i n . ) .  
Gg, Roughness-type boundary-layer-transit ion t r i p  
Same as G7 except k = 0.19 nun (0.0076 i n . ) .  
2 1  
Gg, Roughness-type boundary-layer-transition trip 
Same as G7 except k = 0.14 mm (0.0054 in.). 
G ~ o ,Roughness-type boundary-layer-transition trip 
Same as G7 except k = 0.10 mm (0.0038 in.). 
Gll, Roughness-type boundary-layer-transition trip 




INTERNAL FLOW m L A T I O N S  

U.S. customary u n i t s  are used t o  develop these  i n t e r n a l  flow r e l a t i o n s  
and w e r e  t h e  bas i s  f o r  measuring q u a n t i t i e s  during these  tests. 
P a r t  1 - I n t e r n a l  Drag Coeff ic ien t  
Consider a duc t  opera t ing  as shown i n  sketch (a) below where t h e  ind i ­
cated s t a t i o n s  r e f e r  t o  
0 f r e e  stream 
i duct  i n l e t  
e duct e x i t  
Sketch (a) 
The " i n t e r n a l  drag" i s  def ined t o  be the  lo s ses  - i n  the  free-stream 
d i r ec t ion  - i n  momentum and pressure  forces  ( r e fe r r ed  t o  free-stream pressure  
po) f o r  t he  a i r  flowing through t h e  duct.  Then, t he  equation descr ib ing  t h e  
equi l ibr ium of these  forces  i s  
w vo + (po - P , ) A ~  = 
9
ve cos e + (pe - P,)A, cos e + DI N T9 
where 
W gravimetr ic  rate of  a i r f low 
9 acce le ra t ion  due t o  g rav i ty  
V ve loc i ty  
P s t a t i c  pressure 
A flow area 
e angular  i n c l i n a t i o n  of  t h e  duc t  r e l a t i v e  t o  f r e e  s t r e a m  
D 
I N T  





and t h e  subscripts r e f e r  t o  the  ind ica ted  s t a t i o n s .  (Note: This development 
of " i n t e r n a l  drag coe f f i c i en t "  from f r e e  stream, s t a t i o n  0 ,  and t h e  duct e x i t ,  
s t a t i o n  e, includes t h e  lo s ses  from f r e e  stream, s t a t i o n  0 ,  t o  duct  i n l e t ,  




= -g V 0 g Ve COS 6 - (pe - po)Ae COS 8 
Dividing by q S and def in ing  i n t e r n a l  drag c o e f f i c i e n t ,
0 
wv0 wve (Pe - Pome 
% - - _ - cos 8 - cos e 
I N T  "os "os gos 
where 
qo free-stream dynamic pressure  
S reference area f o r  aerodynamic c o e f f i c i e n t s  
Additional r e l a t i o n s  a re :  
w = p V A  = p V A
0 0 0  e e e  
V0 = 0M m , V e =e M e
where 
p dens i ty  
R gas constant  
T absolute  temperature 
y ra t io  of s p e c i f i c  hea t s  




Subs t i t u t ing  and a l g e b r a i c a l l y  manipulating, 
PoMo 29YRToAo + PeAe - eY Y YR T g - p M 2 S  R T g - p M 2 S  - p M 2 S  - p M 2 S
0 2 0 0  e 2 0 0  2 0 0  2 .o 0 
b u t  
A. - A. Ac 
S Ac S 
where A, is t h e  a r b i t r a r i l y  def ined "capture  area" of t h e  duct .  An expres­
s i o n  for Ao/Ac is  developed i n  the  next  subsect ion.  Then, 
P a r t  2 -Duct  Mass-Flow Ratio 
Consider a duc t  with an e x i t  nozzle as shown i n  sketch (b ) .  
Sketch (b) 
25 
where the  ind ica ted  s t a t i o n s  a re :  
o 	 f r e e  stream; i .e.  I a s t a t i o n  f r e e  of dis turbances generated by any par t  
of the  model, inc luding  those por t ions  o f  t he  model ( fuselage,  canard,  
e t c . )  t h a t  extend forward of the  i n l e t  r a m p  
i duct  i n l e t  
1 duct  maximum cross sec t ion  
2 s t a t i o n  a t  which nozzle-throat s t a t i c  pressure  is  measured 
e duct  e x i t  (note:  A 2  = Ae) 
Then, by d e f i n i t i o n ,  t he  a i r f lows  through A, and A, are 
wo = poV,Ao and wc = p o o cV A 
But 
wo = w i  = w1 = w2 = we 
so 
where Ao/Ac i s  the  capture-area r a t i o  and i s  customarily r e fe r r ed  t o  as the  
mass-flow r a t i o .  
To compute a i r f low through the duct,  t he  following equation is used: 
wh = 3 5 9 C F d 2 F a Y a G  ( r e f .  10, p. 57, eq. 5) 
where 
wh weight r a t e  of a i r f low,  l b / h r  
ac tua l  weight rate of flow
C c o e f f i c i e n t  of discharge,  t h e o r e t i c a l  weight^ rate of  flow 
It is  important t o  note the  dependence of  C on duct  Reynolds number ( r e f .  1 0 ,  
pp. 1 1 - 1 7 ) ;  b u t ,  f o r  any s p e c i f i c  operat ing condi t ion ,  C is  a s p e c i f i c  value. 
F = (1- f34)-1/2 
where 
26 
- -  
E l  and 5, are e f f e c t i v e  diameters a t  duct  s t a t i o n s  @ and 0.And, by
d e f i n i t i o n s  ( i n  r e f .  101, 
d = 6, 
and 
Fa = 1.00 ( r e f .  10,  p. 67, f i g .  38).  
1 - ( E 2 / q 4  
( r e f .  10 ,  p. 74, f i g .  4 3 ( a ) ) .  
-so t h a t ,  f o r  any p a r t i c u l a r  nozzle ( i . e . ,  a s p e c i f i c  D2/b1) I Ya is  a func­
t i o n  of p,/p,, and 
= P1 - P2 
measured i n  inches of water a t  68O F ,  and 
p 1  = s p e c i f i c  weight ( l b / f t 3 )  a t  s t a t i o n  @ 
-For any p a r t i c u l a r  nozzle,  def ine  K = CF and D, = (8/.rr)A2 where 
A2 = nozzle- throat  a r ea  i n  square f e e t .  
Equation of s t a t e :  
Pl 
’1 RT1 ( thermally p e r f e c t  gas) 
And, h, = 0.19257 (pl - p,) where 
p1 = pressure  a t  s t a t i o n  @ , psf  
p, = pressure  a t  s t a t i o n  0,psf  
T~ = s t a t i c  temperature a t  s t a t i o n  0,OR 

Assuming i s e n t r o p i c  flow between s t a t i o n s  1 and 2 
27 
-y/ (Y-1)
p2 Y - 1-= (1 -
2 
MI2) 
So t h a t  t h e  equation f o r  a i r f low through t h e  duc t  can be rewr i t ten  
where ws is  gravimetr ic  rate of f l o w ,  lb /sec.  (Note: Ws and Wh a r e  equiva­
l e n t  expressions f o r  duct  a i r f low.)  
I n  a similar manner, t h e  a i r f low through the  capture  a rea  A, a t  f ree-
stream condi t ions can be determined. The r e s u l t  i s  
I n  addi t ion  t o  the  assumption of i s en t rop ic  flow between s t a t i o n s  @ and 0, 
assume ad iaba t i c  flow from s t a t i o n  @ t o  s t a t i o n  @. Since ws = wo, 
-(
1+-Y - 1  
Y/ (Y-1) 1/2 
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For any s p e c i f i c  nozzle,  l e t  
A,
L





because A, = A2. Then by s u b s t i t u t i o n  
This expression serves  as t h e  b a s i s  f o r  determining duct  mass-flow r a t i o .  
Since 
then, s u b s t i t u t i n g  t h i s  expression i n t o  the  equation f o r  us gives 
Solving f o r  K1 g ives  
This expression provides a means f o r  determining the  nozzle c a l i b r a t i o n  f a c t o r  
K1 by measuring t h e  a i r f low ws with a s tandard metering device. It  is 
emphasized t h a t  t he  computation of  duct  mass-flow r a t i o  and the  subsequent 
determination of  t he  nozz le-ca l ibra t ion  f a c t o r  has assumed i s e n t r o p i c  flow from 
s t a t i o n  1 t o  e and a d i a b a t i c  flow through t h e  duct.  
Mach number M2 is  determined from t h e  measured values of  p2  and p t l ;  
then,  M1 i s  determined from t h e  Law of Continuity.  However, t o  c a l c u l a t e  
t h e  i n t e r n a l  drag, t he  duct-exi t  Mach number Me is  determined from t h e  mea­
sured value of pt 
1 
and t h e  total-head c a l i b r a t i o n  cons tan t ;  t h a t  i s ,  
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1. Positive values of force and moment 

coefficients and angles are indicated. 

2. 	Origin of stability axes has been displaced 





















(a) Top  view. 

Figure 2.- Model drawing. 

Wing-forebody boundary- 
Low-speed canopy (wind shield lowered) 




\ Bleed -dump removed 




Twin vertical tails 
High-speed canopy (wind shield raised) (including rudder) \\ 

\ 
65 Wing- tip deflection / 
(b) Side views. 
Figure 2.- Continued. 





Propulsion system nacelle 

(c)  Bottom view. 
Figure 2.- Continued. 
Note: 	 A l l  dimensions are i n  
centimeters (inches) 
uct-exit nozzle 
&eflection (one per side per set) 
deflection 
(d) Front view. (e) Rear view. 









BiE5( 6 . 0 0 )  




7.62 ( 3 . 0 0 )  -1 
l o l J  
&:-.:(,,,) 
(10.28) 
7 .62  -I 






(f) Model base/sting geometry. 





(a)  Ins ta l la t ion  of model i n  9- by 7-foot tes t  section. 
Figure 3 . - XB-70-1 model. 
(b) Installation of model in 11- by 11-foot test section. 

Figure 3.- Continued. 

(c) Rear view showing model. base and s t ing  entry. 
Figure 3 . - Continued. 
w 
(D 
(d) Close-up of nacelle i n l e t  with bleed dump removed. 

Figure 3.- Continued. 

(e) Rear view with exit total-pressure calibration-rake installation. 
Figure 3.- Continued. 
(f) Close-up of e x i t  to ta l -pressure  calibration-rake i n s t a l l a t i o n .  
Figure 3 . - Continued. 
(9) Close-up of segmented elevons. 
Figure 3.- Concluded. 
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* 9  
.8 





- 5  .6 -7  .8 99 1.0 
(a)  Left-hand nozzles.  





.7 .8 1.0 
(b) Right-hand nozzles. 



















(a )  Left-hand N1 nozzle. 

Figure 5.- Wind-tunnel nozzle ca l ib ra t ions .  

(b)  Right-hand N1 nozzle. 
Figure 5 .  - Continued. 
* )U
.52 .56 .60 .h4 .68 .72 .76 .80 .@ .85 .92 
( c )  Left-hand N2 nozzle. 















.52 .56 .60 .64 .a .76 -80 .a .8a '92 
(d) Right-hand N2 nozzle. 











(e )  Left-hand N3 nozzle. 
Figure 5.- Continued. 
-1 1---I--/­
Re





,a52 .56 .% .64 .68 + 72 -75 .so .Q4 88 .52 
( f )  Right-hand N 3  nozzle. 
Figure 5.- Continued. 
52 
(9) Left-hand N4 nozzle. 
Figure 5.- Continued. 
M Re 
,----­









52 56 .60 .64 .68 .72 76 .ao .aa * 92 
(h) Right-hand N4 nozzle. 
Figure 5.- Continued. 
cn 
w 
(i) Left-hand N6 nozzle. 
Figure 5.- Continued. 
(j) Right-hand N6 nozzle. 
Figure 5.- Concluded. 

















-2 0 2 4 6 a 
u, deg 
(a) N2 nozzles. 














(b) N7 nozzles. 









-6 -4 -2 O 2 4 6 8 10 .02 0 -.02 
a, Cm 
0 ,008 016 .024 .032 .040 .048 
CT) 
(a) M = 2.53 
Figure 8.- Examples of repeatability of longitudinal data for configuration W1E2B1K1N2C1V1G1, 





-i; -4 -2 0 2 4 6 8 10 * 02 0 -.02 
a, deg Cm 




(b) M = 2.10 
Figure 8.- Continued. 
(c) M = 1.60 
Figure 8.- Concluded. 
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.04 ---$-+- &I-- ic_ 
- . 
- 4 - 2  O 2 4 6 8 
I 1 -il__----i_-___--
.04 .02 0 -.02 -.04 
a, d-eg Cm 
0 .008 ,016 .024 .032 .040 
CD 
(a) M = 1.20 
Figure 9.- Examples of repeatability of longitudinal data for configuration W1E2B2K1N2C1VIG7, 

6, = 25'. 
8 
. 
a, d w  Cm 
0 008 ,016 ,024 ,032 ,040 
CD 

(b) M = 0.95 


















-.16- - 2 0 2 4 6 8  
a, d% Cm 
0 .008 016 .024 ,032 ,040 
CL 
(c) M = 0.75 
Figure 9.- Concluded. 
a, deg Cm 
0 P 008 ,016 024 ,032 ,040 ,040 
CD 

(a) M = 1.40 
Figure 10.- Examples of repeatability of longitudinal data for configuration W1E1B2K1N2C1V1G7, 

























A u x i l l a r y  plenum­
(p, deg pumping system 
cy­

a, deg Cm 
e 008 d01.6 * 024 ,032 0 OQO .048 ,056 
CD 

(b) M = 1.20 
Figure 10.- Continued. 
Cm
a, deg 
0 .008 .016 .02!4 .032 .040 .ob8 
(c)  M = 0.95 
Figure 10.- Continued. 
016 Q 024 .032 .040 ,048 
CD 
(d) M = 0.80 
Figure 10.- Continued. 
a, deg Cm 
0 .008 .016 024 .032 .040 .048 
CD 

(e) M = 0.75 






















0 ,008 .016 e 024 ,032 .040 
(f) M = 0.60 























3 F i r s t  r u n  
7 Second run 
-5 -4 -3 -2 -I 0 1 2 3 4 5 6 
(a) M = 2.53, c1 = 4.5' 
Figure 11.- Examples of repeatability of lateral-directional data for 




































































0 First run 
0 Second run 
-6 -5 -4 -3 -2 -1 2 3 4 5 6 
(b) M = 2.10, a = 4.6" 






















- 0  04 
-.06 
I -5 -4 -3 -2 -1 0 
I 1 
1 2 3 4 5 6 
(c) M = 1.60, a = 4.8O 
Figure 11.- Concluded. 
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a, d% cm 
r, .008 .si6 .024 .032 .040 .048 
CD 

(a) M = 2.53, 6, = 6 5 O  






















__ 0 G1 0.39 mm (0.0152 in . )  
- 0 G 2  0.33 mm (0.0128 i n . )
0 G 3  0.27 mm (0.0108 in . )  
A G 4  0.23 mm (0.0090 i n . )
V G 5  0.19 mm (0.0076 in . )
D G6 0.10 mm (0.0038 in . )  
-
d - ,CIS 
(b) M = 2.10, 6Y = 65" 
Figure 1 2 .  - Continued. 
-6 -I; -2 C 2 b 6 9 10 .02 0 -.02 
a, deg Cm 
0 .008 .a16 .a24 .532 ,Ok.c! .048 
CD 

( c )  M = 1.60, 6 Y = 65' 






(d)  M = 1.20, AY = 2 5 O  
Figure 12.- Continued.4 
4 

( e )  M = 0.95, 6 Y = 2 5 O  




a,  aeg 
0 .008 ,016 .02L ,032 
TI
"D 
( f )  M = 0.75, 6 Y = 25O 
Figure 12.- Concluded. 
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0.39 mm (0.0152 in.) 
0.33 mm (0.0128 in.) 
0.27 mm (0.0108in.) 
0.23 mm (0.0090 in.)
0.19 mm (0.0076 in.) 
0.10 mm (0.0038 in.) 
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.024 .032 .040 .( 
CD 

(a) M = 2.53, 6 y  = 65' 

































0.33 mm (0.0128 in.)
0.27 mm (0.0108in.) 
0.23 mm (0.0090 in.)
0.19 mm (0.0076in.) 
0.10 mm (0.0038in.) 
(b) M = 2.10, 6 y  = 65' 
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1 1 1 1 
Gi k 
> GI 0.39 mm (0.0152in.) 
1 G 2  0.33 mm (0.0128 in.)> G3 0.27 mm (0.0108 in.)
L G4 0.23 mm (0.0090 in.) 
7 G5 0.19 mm (0.0076 in.) 




























i l  
G i  
O G 7  0.23 mm (0.0090 in.) 
0 G8 0.19 mm (0.0076 in.) 
O G g  0.14 mm (0.0054 in.) 
AGIO 0.10 mm (0.0038 in.)
V G 1 1  0.07 mm (0.0027 in.) 
D-
I 
.0?4 .032 .oko 
CI) 

(d)  M - 1.20, 6 y  = 25’ 
















3 G~ 0.23 mm 
G~ 0.19 mm 
.024 	 3 G~ 0.14 mm 
1 G~~ 0.10 mm 
i7 Gll 0.07 mm 
D­.016 
 I l l  
,008 	 I l lHI







1 1 1  
.oo8 .oil .024 .032 
CD 

(e )  M = 0.95, 6 Y = 25' 











I 1  

.048 .056 
Figure 13.- Continued. 
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0.19 mm (0.0076 in.)
.024 0.14 rmn (0.0054 in.) 
0.10 mm (0.0038 in.) 






3 .001 .0?4 .O32 .040 .048 .056 
CD 

(f) M = 0 . 7 5 ,  6Y = 25O 












































0-6 -5 -4 -3 -2 -I 0 1 ? 3 4 c; 6 
Figure 14.- E f fec t s  of  s i d e s l i p  angle on t h e  l i f t  and drag  c h a r a c t e r i s t i c s  of  


















































































0 1 2 3 6 

Figure 15.- Effects of sideslip angle on the lift and drag characteristics of 
configuration W1E1B2K1N2C1V1G7,6 y  = Oo. 
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-6 -5 - -3 -1 0 1 2 3 4 5 
(a) M = 2.53, 6Y = 65" 













C l  0 
-.004 
-.008 









-6 -5 *4 -3 -2 -1 0 1 2 5 6 
(b) M = 2.10, rSY = 6 5 O  




























-1 0 1 2 3 4 
(c )  M = 1.60, 6 y  = 6 5 O  



























Configuration W1E~ B z K ~ N ~ C1V1G7 
-3 -2 -1 0 1 2 
(d) M = 1-20, 6Y = O o  






























3 h . 5 6 
(e) M = 0 . 9 5 ,  6 y  = 0' 























" -5 -3 
(f) M = 0 . 7 5 ,  6y  = O o  
Figure 16.- Concluded. 
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-6 -4 -2 0 2 4 6 8 10 02 0 -.02 
a, deg Cm 
0 008 .016 ,024 .032 .040 048 
CD 

(a) M = 2.53, d y  = 6 5 O  




(b) M = 2.10, 6y  = 65' 
Figure 17.- Continued. 
a> deg Cm 
0 008 ,016 .024 ,032 ,040 ok8 .056 
(c) M = 1.60, 6 y  = 65" 
Figure 17.- Continued. 
--- .20 
a, deg Cm 
0 ,338 .016 ,024 .032 .040 .948 .056 
f-VD 

(d)  M = 1.40, 6y  = 0' 
Figure 17.- Continued. 
( e )  M = 1.20, by = o o  
Figure 17.- Continued. 
a,  cieg 
c 	 .G39 .316 ,024 .c32 .340 
CD 
( f )  M = 0.95, 6Y = 0' 









.016 .024 ,032 .040 
CD 
(9) M = 0.80 ,  6Y = 0' 
Figure 17.- Continued. 
L 

(h)  M = 0 . 7 5 ,  6 y  = 0' 
Figure 17.- Continued. 
a ,  deg 
0 ,098 .a6 .G24 .032 
n“D 

(i)M = 0 . 6 0 ,  6 y  = 0’ 
F i g u r e  1 7 . - Concluded. 
QI, deg Cm 
0 .008 ,016 ,024 .032 .040 ,048 
CD 

(a) M = 2.53, 6 y  = 65' 
Figure 18.- Effects of canard deflection on longitudinal characteristics. 

-6 -4 -2 O 2 4 6 8 13 .02 3 -.02 
a, deg Cm 
0 ,008 .016 ,324 ,032 .0+3 .048 .056 
CD 

(b) M = 2.10, 6 y  = 65' 




















- 6 - 4 - 2  o 4 6 8 .04 .02 0 -.02 
a, deg Cm 
0 .008 .016 ,024 .a32 .040 .048 
CD 

( C )  M = 1.60, 6
Y 
= 6 5 O  







.O24 .032 .G40 .048 
CD 
(d) M = 1.40, 6Y = Oo 
Figure 18.- Continued. 
I 
. .  
_- -
Configuration W1E ~ B z K ~ N z CIV~G, 

a, deg Cm 
0 .00s .016 .02> .032 .a48 
CD 
(e) M = 1.20, 6Y = 0' 
Figure 18.- Continued. 

( f )  M = 0.95, A Y  = Oo 




















-.16-- 4 - 2  O 2 4 6 8 .04 .02 0 -.02 -.oL 
a, deg Cm 
0 .008 .016 .024 .032 .04C .048 
CD 

(9) M = 0 .80 ,  6 y  = 0' 




















(h) M = 0 . 7 5 ,  6Y = 0’ 
















,224 .,332 . d + O  
(i) M = 0.60,  AY = 0' 
Figure 18.- Concluded. 
a, deg Cm 
0 .008 .016 .024 .032 .040 .048 
CD 

(a) M = 1.40  
Figure 19.- Effec ts  of canard component and de f l ec t ion  on longi tudina l  c h a r a c t e r i s t i c s ;  configura­
t i o n  W1E2B2K1N2ClV1G7, 6 Y = 25'. 
(b) M = 1.20 






ee 016 ,024. .032 .Oh0 .(I)!. 
CD 
(c) M = 0.95 
Figure 19.- Continued. 
-0 0 '--
a, deg Cm 
0 ,008 ,016 ,024 .032 .040 
CD 

(d) M = 0.80 


















(a)  M = 2.53, AY = 65" 
Figure 20.- Ef fec ts  on longi tudina l  cha rac t e r i s t i c s  of various pitch-trim-an.d-control def lec t ion  
of the  elevons. 
-.16 I I / / I / / l I I 
* OPL .032 ,040 .048 
CD 
(b) M = 2.10, 6 = 65" 
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- 6 - 4 - 2  o 2 4 6 8 04 02 0 w.02 
a, deg Cm 
0 008 016 024 .032 040 048 .056 
CD 

( c )  M = 1.60, 6 Y = 65' 
Figure 20.- Continued. 
a, deg Cm 
0 008 .016 o2h 032 .ob0 ,048 
CD 

(d) M = 1 .40 ,  6 y  = 25' 






(e )  M = 1 . 2 0 ,  6Y = 25' 
Figure 20.- Continued. 
a, deg Clll 
.GC8 I .016 .024 .c32 .040 .a8 
CD 
( f )  M = 0.95, 6 Y = 25" 
























(9)M = 0 . 8 0 ,  A Y  = 25O 
Figure 20.- Continued. 
a; 3 e g  Clll 
0 .008 ,Ol.Cj .02L ,032 .040 048 
CD 






W Figure 20.- Continued. 

a, deg Cm 
0 ,008 .016 .024 ,032 040 .048 
CD 

(i) M = 0 . 8 0 ,  6 Y = 0' 
Figure 20.- Continued. 
a, deg Cm 
0 ,008 , O l h  .024 .032 .040 .048 
CD 

( j )  M = 0.75, 6 Y = 0' 
Figure 20.- Continued. 
- 4 - 2  C 2 4 6 8 .04 .G2 9 -.02 -.04 
a, deg C3.1 
c OG8 ,C1.h .024 .oj2 .@LO 
CD 

(k) M = 0 . 6 0 ,  d y  = 0" 













4 6  I l i , : l l l I 1 I I I I I I 
a, deg Cm 
0 .008 .016 024 032 040 048 
CE 

(a) M = 2.53, 6 Y = 75' 
Figure 21.- Longitudinal results for the developmental-elevon configuration segmentation gaps 


















4 6  
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. 6 - 4 - 2  O 2 4 6 8 1 0  e 02 0 -.02 
a, deg Cm 
0 ,008 ,016 .O%JL 032 040 .048 ,056 
CD 
(b) M = 2.10, 6 y  = 65" 
Figure 21.- Continued. 
0 * 008 .016 .024 e 032 ,040 048 
CD 
( c )  M = 1.60, 6 Y = 6 5 O  
















a, deg Cm 
0 .008 .016 .024 .032 .ob0 ,048 
(d)  M = 1.20, 6 y  = 25' 
Figure 21.- Continued. 
(e) M = 0.95, 6 = 25'Y 
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(a) M = 2 . 5 3 ,  AY = 65”  
Figure 22.- Ef fec ts  on the longi tudina l  c h a r a c t e r i s t i c s  of adding the  bleed dump and de f l ec t ing  
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(c) M = 1.60,  6 
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= 65" 
Figure 22.- Continued. 
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(d) M = 1 . 2 0 ,  6 Y = 2 5 O  
Figure 22. - Continued. 
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(e) M = 0.95, 6 Y = 25' 




( f )  M = 0.75, 6 y  = 0' 
Figure 22.- Concluded. 
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(a) M = 2.53, 6 = 65" 
YR 
Figure 23.- Effects of asymmetric deflection of the wing tips on longitudinal characteristics. 
(b)  M = 2.10, 6 = 65" 
YR 
Figure 23.- Continued. 
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Figure 23.- Continued. 
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(d) M = 1.20, 6 = 25" 
YR 
Figure 23.- Continued. 
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( e )  M = 0.95, 6 = 25' 
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Figure 23.- Concluded. 
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(a) M = 2.53, 6 = 6 5 O  
YR 
Figure 24.- Effects of asymmetric deflection of the wing tips on the rolling-
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Figure 24 .- Concluded. 
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(a) M = 2.53, cx = 4.5' , 6yR = 65O 
Figure 25.- Effects on lateral-directional characteristics of asymmetric 
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(b) M = 2.10, a = 4.6', 6 = 65O 
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(c) M = 1-60, ci = 4.8', 6 = 6 5 O  
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(d) M = 1.20, c1 = 3.3 '  
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(e)M = 0.95, c1 = 3.3' 
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(a) M = 2 . 5 3 ,  6 = 6 5 O ,  6 = 0' 
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(5) M = 2.10, AY = 6 5 O ,  6 = O o  
eR 
Figure 26.- Continued. 
( c )  M = 1.60, 6 y  = 6 5 " ,  6 = 0" 
eR 
Figure 26.- Continued. 
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(e) M = 0.95, 6 y  = 25' 
Figure 26.- Continued. 
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(f) M = 0 . 7 5 ,  6 y  = O o ,  6 = 0'
eR 
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(a)  M = 2.53, 6y  = 6 5 O ,  6 = 0' 
eR 
Figure 27.-	 Effects  of rol l -control  def lect ion of the elevons on the  rol l ing-





















(b) M = 2.10, S = 00 
Y = 6 5 0 r  
Figure 27.- Continued. 

























(c) M = 1.60, 6 y  = 6 5 O ,  6, = 0' 
R 
Figure 27.- Continued. 
(d)  M = 1 .20 ,  6Y = 25' 
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Figure 27.- Continued. 
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(f) M = 0 . 7 5 ,  6 = O o ,  6 = 0' 
Y eR 
Figure 27.- Concluded. 
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(a) M = 2.53, 6Y = 65' 
Figure 28.- Effects  of rudder def lect ion on longitudinal charac te r i s t ics .  
a, de65 Cm 
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CD 
(b) M = 2.10, 6Y = 65' 
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Figure 28. - Continued. 
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(d)  M = 1 .20 ,  6 y  = 0' 
Figure 28.- Continued. 
a, deg .008 .016 ,024 .032 
CD 

(e )  M = 0.95, 6Y = 0' 
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(a) M = 2.53, 6y = 6 5 O  
Figure 29.-	 Effects of rudder deflection on the rolling-moment, yawing-

moment, and side-force characteristics. 
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(c) M = 1.60, 6 
Y 
= 6 5 O  
Figure 29.- Continued. 
Cn CY 
(d) M = 1 . 2 0 ,  AY = 0' 
Figure 29.- Continued. 
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( e )  M = 0.95, 6 y  = O o  
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-6 -5 -3 -2 -1 0 1 2 3 4 5 6 
(a) M = 2.53, a = 4.5O, 6 y  = 65O 
Figure 30.- E f f e c t s  of 	rudder de f l ec t ion  on l a t e r a l - d i r e c t i o n a l  
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(b) M = 2.10, a = 4.6', 6Y = 65' 
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(c) M = 1.60, cx = 4.8, = 6 5 O  
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(d)  M 	 = 1 . 2 0 ,  a = 3 . 3 O ,  6 y  = O o  
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Figure 30.- Concluded. 
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(a) M = 2.53 
Figure 31.- Additional data indicating the effects of 1' of rudder deflection on the longitudinal 
characteristics of configuration W1E2B1K1N2C1VlGlr cSY = 6 5 O .  
r 
(b) M + 2.10 
Figure 31.- Continued. 
(c)  M = 1.60 


















4 6  

-.004 -.002 0 .002 -.01 0 .01 .02 
c2 CY -.002 0 .002 
Cn 

(a) M = 2 .53  
0
Figure 32.- Additional data indicating the effects of 1 of rudder deflection 

on the rolling-moment, yawing-moment, and side-force characteristics of
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(c) M = 1.60 
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(a)  M = 2.53 ,  c1 = 4.5' 
Figure 33.- Additional da t a  ind ica t ing  the  e f f e c t s  of 1' of rudder de f l ec t ion  
on the  l a t e r a l - d i r e c t i o n a l  c h a r a c t e r i s t i c s  of configurat ion 
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(b) M = 2.10, ci = 4.6O 











































0 1  2 3 4 5 6 
(c )  M = 1-60, ~1 = 4.8' 






Figure 34.- Average of left- and Lght-duct mass-flow ratios for various 

duct flow nozzles at lift'cos, icients and Mach numbers approximately 














(a) M = 2 . 5 3 ,  6 y  = 65' 
Figure 35.- Effects of various nozzle configurations and angle-of-attack 
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(b) M = 2.10, 6 y  = 65O 















(c) M = 1-60, 6 y  = 65O 











































I i I 1 1 i Iit+i 
(d)  M = 1 .20 ,  6 y  = 25O 
Figure 3 5 . - Continued. 
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( e )  M = 0.95, 6 y  = 25' 
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(9 )  M = 0.75 ,  6, = 0' 
Figure 3 5 .  - Concluded. 
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(a) M = 2.53, 6 y  = 65' 
Figure 36. - Effec ts  of various nozzle configurations on longi tudinal  cha rac t e r i s t i c s .  
a, deg Cm 
0 .008 .016 ,024 .032 .040 .048 
(b) M = 2.10, 6 y  = 65O 
Figure 36.- Continued. 
(c)  M = 1.60, 6y  = 6 5 O  
F igu re  36.- Continued. 
(d) M = 1.20, cSY = 2 5 O  
Figure 36.- Continued. 
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(f) M = 0 . 7 5 ,  6 y  = 25" 
Figure 36.- Continued. 
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(9) M = 0 . 7 5 ,  6Y = 0' 
Figure 36.- Concluded. 
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various nozzle configurat ions on base- and in t e rna l -


























*0004 ' -6 1 I 1 l l l 1 1 1 1 
(b) M = 2.10, 6
Y 
= 6 5 O  




































( c )  M = 1.60, 6 Y = 65O 
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(d) M = 1.20 ,  6y = 25O 
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(f) M = 0.75, 6 y  = 25O 
Figure 37.- Continued. 
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(9)M = 0.75, 6 y  = oo 
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( a )  M = 2.53, 6 y  = 65' 




W longitudinal charac te r i s t ics .  
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(b) M = 2.10, b y  = 6 5 O  
Figure 38.- Continued. 
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(d) M = 1.20, 6, = 0' 





















Figure 39.- Effects  on longi tudinal  charac te r i s t ics  
dynamic pressure,  M = 
Re 
due t o  changes i n  un i t  Reynolds number and 
2.53,  6 Y = 65'. 
a, deg CIU 
0 008 .016 .024 .032 .040 .048 
CD 
Figure 40.- Additional longitudinal data �or configuration W ~ E ~ B ~ K ~ N ~ C ~ V ~ G I , 
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Figure 41.- Longitudinal charac te r i s t ics  f o r  a systematic var ia t ion  of surface-deflection angles 
from the bas ic  supersonic-test configuration t o  a configuration representative of the design-





































0 .01 02 
CY 
Figure 42.- Rolling-moment, yawing-momen 
, and side-force characteristics for 
a systematic variation of surface-deflection angles from the basic 
supersonic-test configuration to a con�iguration,representativeof the 
design-point airplane; M = 2.53. 
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